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Part I. 

Conditions affecting multiplication and survival of V. cholerce 

IN ARTIFICIAL WATERS. 

The question of the relationship of water-supplies to the epidemiology of 
cholera has been the subject of consideration by most workers on this disease since 
it was shown in the Hamburg and London epidemics that contamination of the 
water-supply could be directly incriminated. The following is a brief resume of 
recent work on this subject and other allied subjects : — 

Panayotatau (1913) dealt with the question of the survival of cholera vibrios 
in the presence of other organisms. Schobl (1914) gives figures for survival in tap 
water and sea water inoculated with rice-water stools. Panganiban and Schobl 
(1918) pointed out the preservative action of salt on stools artificially inoculated 
with V. cholerce. Elu (1921) on the other hand was unable to demonstrate any 
preserving action of sea water on the cholera vibrios. Kabelik and Freudmann 
(1923) decided there was a relationship between the reaction of the medium and 
the optimum salt content for growth. They also found that salt facilitated the 
growth of V. cholerce as compared with Bacl. coli, when mixtures were inoculated 
into weakly alkaline peptone water. Tohyama (1925) studied survival in salt 
solutions up to 30 per cent (saturated) NaCl. Yasuhara (1926) studied survival in 
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different natural waters. Khan (1 930) reports amongst others eleven experiments 
on Ganges water heated at different temperatures. The inoculum was heavy and 
survival exceeded 5 days in two experiments only. d’Herelle, Malone and Lahiri 
(1930) summarize the literature and describe a few experiments on natural waters, 
mostly unheated in non-endemic areas. Their results do not support the idea of 
long survival in water. Tohyama and Yasukawa (1930) studied the survival of 
V. meleknikovi at different seasons of the year in sea water and give analyses 
of the water. Other Japanese workers, summarized by Tohyama and Yasukawa 
(foe. tit.), studied survival in sea water, while Yasukawa (1933) showed that the 
vibrio survived 22 daj^s on the surface and 30 days at the bottom of an artificial 
sea-water tank, but that sterilization was effected by sunlight in two hours. The 
most favourable concentration of salt in sea water was T82 per cent. He also 
found that magnesium chloride had a more favourable influence on the viability 
of the cholera vibrio than any other salt. .• 

-In general a study of the above papers will show that, with the exception 
of Flu notably, most workers are agreed that the presence of salt in water facilitates 
the survival of the cholera vibrio. Very little attention has however been paid to 
the question of the multiplication of the vibrio in water which, from the point of 
view of the epidemiology of the disease, has possibly a greater importance. 

An attempt has been made in the experiments to be described in this paper to 
establish the conditions under which V. cholera 3 may be expected to multiply and 
survive and thus to throw some light on factors that will have to be studied in the 
investigation of cholera infection of water in nature. It is fully realized that work- 
ing with artificially inoculated solutions made up under laboratory conditions only 
very approximate reduplication of the conditions in nature can be obtained. It is, 
however, to be expected, that, in the absence of factors which are found essential for 
or adjuvant to multiplication under laboratory conditions, increase in number of 
vibrios is unlikely in nature, where the conditions may be presumed to be ordinarily 
less favourable owing to the influence of sunlight, change of temperature and 
physical conditions, the presence of other organisms, etc. 

The following factors were studied : — 

Salt concentration. 

Organic matter content. 

Hydrogen-ion concentration. 

Humber of V. cholera} present in inoculum. 

Action of other organisms commonly present in water and stools. 

Salt concentration. 

This was chiefly studied by adding to the medium employed an artificial con- 
centrated sea-water solution made up to the following formula : — 

Parts. 


HaCl . . . . . . . . 27 

MgCl 2 -6H 2 0 . . . . . . 3 

KC1 . . . . 1 

MgS0 4 -7H 2 0 1-75 

Aqua distillata . . . . . . 100 
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This was added to the medium so that the final concentration of total salts 
varied between no salt and 3 - 0 per cent of the salt mixture, the small error due to 
the water of crystallization of the magnesium salts not being allowed for. 

The percentage of chlorides in sea water is approximately 2 - 7. 

Organic matter content. 

A rough estimation of the organic matter present was obtained by determining 
the oxygen absorption from permanganate by Tidy’s process. This, method is of 
course c strictly speaking, an index neither to the quantity nor to the quality of the 
organic matter ’ (Thresh et al., 1933). It is however similar in principle to that 
recommended by Asheshov cl al. (1933) for the standardization of media. No 
difference was found between results obtained when various substances were used 
as bases for the media, which is in itself a justification for the applicability of 
this method to the problem in hand (Table IX). Peptone media were employed 
in most of the experiments as a convenient source of energy. 

Hydrogen-ion concentration . 

The pH was standardized for all ordinary experiments at between 7’6 and 8 - 2. 
There was no difference of growth characteristics between these limits ; in fact 
growth usually proceeded from an initial pH outside these limits till the medium 
became 7'8 to 8‘0, when it remained stable. A special experiment is described to 
show the effect of reaction outside the normal limits. 

Number of vibrios -present in the inoculum. 

The size of the inoculum was the subject of a great deal of preliminary experi- 
ment and an -inoculum was finally adopted that was found to show differences to 
the best advantage. The effect of higher inocula was also examined in the study 
of survival. 

Action of other organisms commonly present in stools and uater. 

The effect of concurrent presence of Bad. coli, Bad. cerogenes , Proteus and 
inagglutinable vibrios, Streptococcus jcectdis and a gram + coccus isolated from 
water were also studied. 

The technique employed was as follows : — 

Peptone* solution or solutions of other organic bases were prepared in glass- 
distilled water in such concentration that the Tidy figuref as estimated by the 
method described by Thresh et al. ( loc . c it.) was in the region of 0’3 parts per 100,000 
of O 2 absorbed in 3 hours at 37°C. It was then easy, taking this as unit, to make 


* The peptone employed was Witte’s peptone. On anatysis the total inorganic substance after 
ashing in the muffle furnace was 2*2 per cent. This contained no chloride. The chloride present 
before ashing was 1*3 per cent estimated as NaCI by the method described by Husband and Godden 
(1927) for the estimation of chlorine in foodstuffs. 

t All Tidy figures in this paper are the difference between readings at 3 minutes and 3 hours after 
picubation at 37°C. 
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solutions of higher and lower concentrations. To such solutions were then added 
the required amount of artificial sea-water solution. These were autoclaved in tubes 
and flasks or screw-capped bottles in different quantities according to the nature 
of the experiment. The reaction was adjusted to the region of 7'8 pH by the 
addition of small quantities of NaOH solution under aseptic conditions. It was 
then found that the pH did not materially change either from carbon-dioxide 
absorption or the growth of V. cholera;. 

The inoculum consisted of a diluted overnight broth culture of V. cholera; of 
smooth Inaba type except in such cases as the amount of organic matter in the 
broth inoculum would have affected the total quantity of organic matter in the 
media, in which case agar washings in normal saline were substituted, controlled 
by bacterial counts, so that approximate!}'' the same number of viable organisms 
were introduced as would have been present in the broth inoculum. The standard 
inoculum chosen consisted of 2 c.c. of overnight broth culture of V. cholera; 
diluted to 1/10,000 by serial dilutions in normal saline per 100 c.c. of media. 
This was found to represent approximately 1,400 organisms per c.c. of media by 
viable count. Where agar washings were employed it was found that of a 
washing of the opacity of No. 3 Brown’s tube, diluted 1/1,000, 0T5 c.c. per 
cent gave the same count. 

The size of the inoculum was then tested by inoculating 0‘2 c.c. of a series of 
decimal dilutions from the media under investigation into 5 - 5-c.c. papain-digest 
broth, prepared according to Asheshov’s method (loo. cii.) with a pH of 7‘6. The 
last tube in which growth occurred within 48 hours was noted, the culture plated 
out for colonial purity, and the colonies tested by slide agglutination against an 
‘O’ serum diluted 1/100 (titre 1/2,500). With the standard inoculum growth 
occurred in most cases up to a dilution from the original inoculum of 1 /100. A limit 
of error consisting of not more than 10 times larger and smaller, i.e., a one tube 
difference, has been allowed. A similar procedure was repeated at 24- and 48 hours 
and the limit of growth determined. Many similar experiments were carried out 
at 4 hours, 8 horns, and 3 days, but in most cases no additional information was 
obtained. 

Multiplication was considered to have occurred when growth was recorded 
from 0'2 c.c. in at least 1 /10,000 dilution. 

Survival was tested by continuing incubation at 37°C. and examining daily 
from the undiluted culture by adding 0’2 c.c. to 5*5 c.c. papain broth up to 7 days, 
when the examination was then continued weekly, until no growth occurred 1 at 
least 3 times in succession. It will thus be clear that survival as reported means 
survival in 0-2 c.c. of the media. 


Effect of variation of salt concentration. 

The results are given in Table I and summarized in Table II. 

In the absence of salt multiplication did not occur in any peptone concentration 
and in no case did survival reach 24 hours. In 2 per cent sea salt multiplication 
was recorded except when peptone was under 1/500,000 dilution and in everv 
experiment exceptone proceeded with survival extended to weeks or months under 
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the same conditions. In the intermediate salt concentrations no multiplication 
was recorded in 1/500.000 peptone below 1 per cent nor below 0 - 5 per cent sea salt 
in 1/50,000 (two experiments excepted), nor below 0*1 per cent in 1/5,000 (one 
experiment excepted). With 1 /500 peptone multiplication took place in O' 075 per 
cent sea salt but not in 0 - 05 per cent. It will be noted that survival to a marked 
extent is correlated with initial multiplication. 

The action of certain individual salts is given in Table VI. It is clear that any 
one of the salts tested except magnesium sulphate can promote multiplication, but 
none seems to do so in any specially low concentration. It was in an endeavour to 
elucidate the latter fact that the concentration of 0T per cent salt and peptone 
1/5,000 was employed. The sea-water solution has somewhat higher capacity 
for promoting multiplication than the individual salts tested. 

Many experiments were done with magnesium sulphate at many intermediate 
concentrations between 0’005 and 1 per cent but no evidence that this salt will pro- 
mote multiplication or survival was obtained. In the higher concentration tested 
it is rapidly lethal to the vibrio. 

Some interesting results of the effect shown by Xa 2 S in different concentrations 
are given in Table VII. Allowance has been made for the amount of sodium 
chloride formed when neutralizing the medium to a pH of 7 ’8. It will be observed 
that in 1/50,000 peptone the presence of 0'0003 per cent Xa 2 S in solution 
secured multiplication with 0‘05 per cent of sea salt, while 0‘00003 per cent 
was sufficient in 0T per cent sea salt. A reference to Table I will show that in 
only 1 out of 8 experiments did multiplication occur in the absence of Xa 2 S 
in these salt concentrations. 


Effect of variation of organic matter content. 

It will be clear from what has been said on the effect of variation of salt content 
that variation in the organic matter content has little effect on the viable count, 
until the dilution exceeds 1 /50,CC0 peptone. This is in accordance with Bail’s 

hypothesis. The viable counts averaged growth in 0‘2 c.c. in dilution of 10 to 
]0~ 9 in peptone solutions of 1/500 and upwards, 10 — 6 to 10~ 8 in 1/5,000, 10~ 5 

and 10~ 6 in 50,000 and 1/500,000 in the presence of adequate salt content. The 
total count wns of course vastly increased in the low T er peptone dilutions. In 
dilutions of peptone higher than 1 /5C0,000 no multiplication was obtained. 

At a Tidj^ figure of 0'3 parts per 100,000 there was no difference in 
the growth or survival when soil extract, faecal extract or carrot juice was 
employed as organic base (Table IX). 


Effect of alteration of pH. 

This was examined in 1 /ICO peptone with 1 per cent NaCl in stoppered bottles 
lined with paraffin wax. The range and results are indicated in Table X. It 
will be seen that full multiplication took place from 6'0 to just in excess of 9‘4, though 
there was some reduction from 9'4 upwards. A pH of 9‘2 may, therefore, be taken 
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as the limit for satisfactory multiplication, a figure which is supported by the 
results o£ experience in isolating the vibrio from natural sources. An experiment 
done in 1 /50,000 peptone and 2 per cent sea salt is also appended. There is no 
essential difference from the results in 1/100 peptone, though the salt content being 
different the results are not strictly comparable. 


Effect on survival of increasing the inoculum. 

The results of experiments indicating this are given in Tables IV and V. The 
inoculum in all cases was equal to the maximum vital count obtainable in adequate 
salt concentration. Survival did not exceed 3 days in 1/5,000 peptone in the 
absence of salt. In 1 /5, 000, 000 peptone it did not exceed 4 days in 0’01 per cent 
salt : in 002 per cent, however, it survived from 2 to 3 weeks and survival over 
5 days was regular in 0 - 05 per cent even in the absence of organic matter (one 
experiment excepted in which the vibrio survived for five days). 


Action of other organisms commonly present in stools and water. 

Counts were carried out by the method of Anderson and Stuart (1935) except 
that standardized dropping pipettes were employed to drop the diluted emulsion 
uniformly over the plate before spreading by rotation. 

Table XI gives the results in logs of counts per c.c. Absence of growth means 
absence from 02 c.c. on a countable plate. It will be seen that the agglutinable 
vibrio can survive in weak peptone and salt solutions even when in smaller inocu- 
lum, except in the presence of certain inagglutinable vibrios. 

In several experiments it survived for two weeks or more in the presence 
of the latter vibrios. Where the organic pabulum is high, its survival period 
is sometimes shorter. 

Discussion. 

In the absence of a definite quantity of salt and organic matter neither 
multiplication nor survival can take place. The quantity of organic matter 
required is low provided adequate salt is present. A peptone strength of 1 /500,000 
with a Tidy figure of 0'03 parts per 100,000 allow r s of multiplication in the presence 
of adequate salt, while a dilution ten times higher will not. The quantity of salt 
required is decreased with increasing strengths of organic matter, and in no case 
can multiplication take place in the absence of salt. 

No one particular type of organic matter or salt with the possible exception 
of NaaS was shown to have any action peculiar to itself. A number of salts have 
given similar results and qualitative differences in the organic matter seem 
immaterial. A mixture of salts similar to those in sea water has a greater 
facilitating action than any of the individual salts tried. Survival to a marked 
extent is coincident with initial multiplication. Provided the latter is adequate 
it may be expected that the organism will survive for many days. When the 
inoculum is largely increased a much lower concentration of salt is effective in 
producing survival. 
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The presence of other organisms in comparatively equal inocula with the 
exception of certain inagglutinable vibrios does not seem to prevent the multi- 
plication and survival of V. choleras up to 5 days or longer. 


Part II. 

Application of above results to natural conditions. 

As already pointed out, any deductions from the evidence presented must be 
subject to the very important consideration that no attention in the experimental 
work has been paid to physical factors such as sunlight, change of temperature, 
heavy monsoon rain, ’phage, etc., which are likely to have a profound effect. 


Available figures of natural Indian waters showing oxygen absorption 

and salt content. 

Clemesha et al. (1909) give analyses of waters in the Madras Presidency for the 
last quarter of the year 1908 and first quarter of 1909. The analyses show total 
solids estimations varying from 0‘009 to 0*068 per cent, chloride estimations* 0*001 
to 0-019, and Tidy figures of 0*004 to 0'320, there being little difference between 
the three classes of sources examined, rivers, surface waters, springs, and wells. 
Stewart and Boyd (1928) show figures varying from total solids 0'002 to 0-064 
per cent, chlorides 0'001 to 0'010 per cent and Tidy 0'001 to 0’060, as ‘ illustrative 
examples ’ of chemical analysis of Indian waters. 

Were these figures typical of all Indian conditions the experimented evidence 
cited in this paper would not support the probability of vibrio multiplication or 
survival in water under most natural conditions. There is reason, however, to believe 
that the above figures are too low for many natural waters in Bengal. Two series 
of examinations of Bengal waters have been made by one of the authors, the first 
during a tour of Bengal in October 1937, when the monsoon effects were still present, 
when chloride estimations of different waters were made by the rough method 
indicated by Christophers, Sinton and Covell (1936). Chloride figures varying from 
0*001 to 0*083 per cent were found in 12 samples in Burdwan district, which is on 
the border of Bengal, and removed from the deltaic area ; 0*001 per cent to 0*021 
per cent in 13 samples from rural areas outside Calcutta and one figure of 0*173 per 
cent in a disused well, 0*002 per cent to 0*248 per cent in 28 samples in Jessore 
district, which is in the deltaic area, including one village, which showed in three 
separate tanks 0*107 per cent, 0*248 per cent, and 0*124 per cent ; and 0*002 per cent 
to 0*066 per cent in Khulna district, which -is in the deltaic area adjacent to the sea. 
From these figures it may be concluded that, as other salts than chlorides will have 
been present in the water, that certain of the tanks contained inorganic matter at a 
figure suitable for vibrio multiplication. The figures for these two districts are 
given in Table XII. 

Table. XIII shows the result of examination of tanks in the suburbs of 
Calcutta in April and May 1938, i.e., in the dry season of the year. In 32 tank 
samples the total solid figures were 0*1 per cent or over. The Hooghly river had 


* Calculated as sodium chloride from the Cl figures given. 
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the same figure and a back-water canal at one place was recorded as 1 per cent. 
The organic matter was in every case adequate for multiplication. From 4 samples 
the agglu tillable vibrio was actually isolated. 


Number. 

Chlorides, 
jicr cent. 

Total solids, 
per cent. 

Tidy 

parts per 100,000. 

24 

0*040 

0*10 

0*90 

43 

0*041 

0*1 

1*52 

52 

0*020 

0 *0S | 

0*55 

53 

0*014 

0*11 

0*74 


N,B . — In no case, in spite of several attempts, could the isolation be repented. 


Multiplication and survival of agglutinablc vibrio in autoclaved samples of 
natural Indian waters ( Calcutta tanks). 

In the case of samples shown in Table XIV 200 c.c. of each was autoclaved and 
inoculated with the standard inoculum of agglutiuable vibrio, the pH being adjusted 
to 7'8 as" the effect of autoclaving was to render these waters very alkaline. The 
pH of all the samples before autoclaving was suitable for vibrio multiplication. 
About six samples were examined in each month. The extent to which these samples 
were taken from the same tanks can be gathered from Table XV. Table XVI 
analyses the results of Table XIV as far as multiplication is concerned. 

The total solids figure varied from 0'03 to OTG and the Tidy figure from 0‘05 
up to 3T. It will be seen that the minimum figure coincident with multiplication 
differed at different seasons of the year. With a total solids figure of (TOG and under 
no multiplication occurred in 13 specimens examined between June and October. 
Of 8 specimens examined in November and December G showed multiplication at 
this concentration, the two tanks which showed no multiplication being those that 
gave this result regularly throughout the year in spite of increase in the total 
solids figure through evaporation at a later period. (In one of these tanks 
multiplication was obtained with a total solids figure of OTG per cent upwards.) 
With a concentration of 007 one specimen each in May and August and five in 
December and January showed multiplication and one each in September and 
October no multiplication, one of the latter being a tank that regularly showed no 
multiplication; with a concentration of 0'08 and over of 27 specimens examined 
throughout the year 5 were negative, one in September, two in January, and one 
each in February and March, the four latter being from tanks that regularly failed 
to multiply. Survival over five days occurred in all except three specimens in 
September and October even from a total solids figure of 0‘04 per cent and upwards. 
As might be expected owfing to the incidence of the monsoon the average total 
solids figure tended to drop from June onwards till October, a rise being recorded 
from November onwards. 
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The Graph shows the mortality rate of the year in question as compared with 
the median mortality rate over 13 years. 

Graph. 



The organic matter content as indicated by the Tidy figure would classify many 
of the Bengal waters as comparable with a peptone solution from 1/300,000 to 
1/5,000, while the salt content as indicated by the total solids figure varied* from 
an average of 0'05 to 0T. Comparing the results in these natural waters with the 
experimental results in peptone solution it will be seen that in 1/50,000 peptone 
with 0T per cent sea water multiplication was obtained once only in five experiments 
with a survival period of over 7 days, though on one other occasion also survival up 
to 5 days was recorded. In 1/5,000 peptone with the same salt figure both 
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multiplication and survival were recorded in both of two experiments and in one 
of six experiments with 0 - 05 per cent sea-water solution. It therefore appears that 
slightly better conditions to promote multiplication may exist in the natural 
than in the artificial waters. On the other hand this may not always hold as one 
tank on two separate occasions failed to allow multiplication with a total solids 
figure of 0T per cent and Tidy figure of 0T7 and 0 - 52 respectively but this tank 
also was one in which multiplication was not obtained at any time throughout 
the year. Also as the results in Table YII show the experimental waters can 
under certain conditions equal the results in natural waters. None of the 
natural waters however gave a test positive for H 2 S though the test employed 
would detect as little as O’OOOl per cent. 

A further point emerges from a consideration of the details of the individual 
tanks examined. There is only a slight rise if any in the total solids figure from 
October to November and yet in five out of six cases examined in these two months 
multiplication failed to occur in October, while samples from the same tank allowed 
multiplication in the latter month. In the sixth in which multiplication did not occur 
no multiplication occurred at any period of the year, even when the total solids figure 
rose to 0T per cent. As Table XV shows previous to November multiplication was 
not obtained at a figure below 0'7 per cent but in November and December it was 
obtained on 6 occasions at (Hi per cent or below. These facts require confirmation 
but they suggest that a qualitative change occurred in the samples examined. This 
change, if it does occur regularly, occurred at a period when the cholera death rate 
commences to increase. 

While no deduction can justifiably be drawn at present from the above findings, 
especially in view of the fact that autoclaved samples were examined and- the 
number examined was so inadequate, it appears that there is sufficient evidence 
to justify investigation on similar lines, where examination of natural sources in 
connection with cholera is being carried out. 


Summary. 

1 . Both salt and organic matter are required for the multiplication and survival 
of the cholera vibrio in artificially prepared water. 

2. The amount of salt required decreases with an increase of strength of 
organic matter. 

3. The conditions for multiplication and survival are very similar. 

4. The presence of other organisms in comparatively equal inocula except 
the inagglutinable vibrio is not inimical to the multiplication of the agglutinable 
vibrio. In the presence of the inagglutinable vibrio the agglutinable vibrio can 
survive up to 3 weeks or longer. 

5. There is a fairly close correspondence between the salt and organic matter 
required for multiplication in natural and in artificial waters. 

6. Available figures of analyses of natural waters in the Calcutta area suggest 
that the requisite conditions for multiplication and survival as far as salt content 
and organic matter are concerned are present in most open natural sources. There 
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is a general relationship between the average total solids figure of these waters and 
the prevalence of cholera. 


The ma jority of the field work was carried out from the All-India. Institute of 
Hygiene and Public Health, Calcutta, by the courtesy of Dr. R.. B. Lai. 
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Table I. 

Growth and survival of V. cholerse in peptone and sea-salt solution. 
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Table I — concld 
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Table II. 

Synopsis of Table I — Growth. 



Heavy type crosses refer to results obtained experimentally. 

































Heavy type crosses refer to results obtained experimentally. 













































Table IV. 

Survival in peptone and sea salt from heavy inoculum. 



Minimum growth 48 
hours. 











































Minimum growth 46 
hours. 



Abbreviations as in Table I, 

























Heavy type crosses correspond to results obtained experimentally. 
Light type „ „ „ inferred. 
























Table VI. 

Showing growth and survival in simple salts O'l per cent concentration and peptone 1/5,000 from standard 

inoculum of V. choleras. 
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Table VII. 

Showing growth and survival in sea salt , peptone, and sodium sulphide. 
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Sodium sulphide, 
per cent. 

0-00003 

Sea salt, per cent 

0*05 


Maximum growth 

48 hours. 
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t Survival in clays 
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Abbreviations as in Table I. 


Table VIII. 


Showing growth and! survival over 5 days as evidenced by Table VII. 
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T ABLE IX. 

Growth on organic bases other than peptone. 
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Organic base. 


£a;cal extract 


Soil extract 


Carrot juice 


Tidy 

parts 

per 

100,000. 


0'3G9 


Maximum growth 
Survival in days 


Sea salt, ter cert. 
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Abbreviations as in Table I. 


Logs of counts at different pH. 
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Abbreviations as in Table I. 



Table XI-A. 

Showing logs of counts i of mixtures of organisms grown in peptone 1/50,000, sea salt 2 per cent 

in 200 c.c. open flasks, pH 7'8. 
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Tab lb XI-B. 

Showing logs of count of mixtures of vibrios grown in peptone water 1/100, sea salt 0'5 per cent 

in 200 c.c. open flasks, pH 7’8. 
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Por description of organisms see Taylor, Pandit and Read (1937). 
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Table XII. 

Chloride ])ercenlage figures of natural waters 
post-monsoon period. 

in Water. 

(1 October 1937). 

Sources. 

Bur d wan 
district. 

Calcutta area 
(rural area 
outside Calcutta). 

Jcssoro 

district. 

Khulna 

district. 


0*002 

0*002 

0*010 

0*002 


0*002 

0*001 

0*006 

0*322* 

Rivers . . . . ■ 






0*002 

0*027 

0*002 

( 

! * * 

■ 

0*001 

0*021 

0*002 

! 

i 

/ 

0*007 

0-009 

0*002 

0*008 

< 

0*011 

0-021 

0*008 

0*010 


0*005 

0-012 

0*025 

0*008 


0*017 

0-007 

0*010 

0*066 


0*01G 

0-008 

0*012 

0*033 


0*004 

0-010 

0*012 

0*058 


• • 

0-008 

0*007 

0*033 



0-008 

0*002 

0*058 



0*008 

0*007 

0*033 

Tanks and surface waters . . ^ 

1 

i 



0*107 | 

0*025 

i 



; 


0*248 

0*066 

1 

| 


0*124 

0*033 

| 

1 

l 

i 


0*014 

• • 

1 

1 

i 

0*050 

- • 

1 

i 



0*013 


1 

•• 


0*017 



*• 


0*025 



•• 

■ 

0*008 





0*008 


l 


•• 


0*008 

•* 



* Tidal. 
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Table XII —conoid. 



Sources. 

Bu rd wan 
district. 

! Calcutta area 
(rural area 
outside Calcutta). 

i 

Jess ore 
district. 

! 

Khulna 

district. 




0*083* 

0'173* 

! 

0*003 

, , 




0*005 j 

! 

0*002 

. . 

Wells 





0-013 





. . 


0-020 







0-005 

•* 


* Disused. 


Table XIII. 


Chemical examination of open water sources in suburbs of Calcutta. 

May- June 1938. 


i 

1 

i 

j 

i 

I 

pH. 

Chloride, 
per cent. 

Total solids, 
per cent. 

Tidy per 100,000 
(difference of 3 
minutes and 3 
hours figures at 

37 °C.). 

Tank number. 





9 

8*0 

0*008 

0*03 

0*94 

10 

7*2 

0*010 

0*04 

0*97 

11 

7*1 

0*003 

0'05 

0*88 

12 

8*2 

0*016 

0-05 

1*26 

13 

8*0 i 

0*016 

0-0G 

0*57 

14 

8*2 

0*061 

0-09 

0*24 

15 

8*4 | 

0*018 

0-06 

1*51 

23 

8*2 

0*066 

0-13 

2*27 

24 

8*2 

0*046 

o-io 

0*96 

28 

8*2 

i 

0*047 

0-09 

0*71 

39 

; s-i 

0*043 

0-09 

0*52 

48 

| 8-0 

0*033 

0-09 

0*59 

60 

| 8-0 

! 

0*031 

0-08 

0*67 
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Table XIII — contd. 



i 

pH. 

Chloride, 
per cent. 

Total solids, 
per cent. 

Tidy per 100,000 
(difference of 3 
minutes and 3 
hours figures at 
37°C.). 

Tank number. 





25 

8*4 

i 0*036 

0-10 

1*00 

26 

8*5 

0*038 

0*10 

2*40 

27 

8-0 

0-052 

| 

0*11 

2*79 

30 

8*6 

0*048 

0*10 

1*00 

31 

8*0 

0*048 

0*10 

2*13 

32 

8*8 

0-035 

0*09 

; 0-92 

33 

8*0 

0*082 

0*16 

1-89 

34 

S*2 

0*064 

0*13 

1*48 

35 

8*8 

0-013 

0*05 

0*95 

36 

8*2 

0*044 

0*09 

0-22 

37 

8*0 

0*020 

0*0S 

1 0*96 

38 

7*5 

0*013 

t 0*05 

0*67 

40 

8*4 

0*042 

1 0*09 

‘ 0*38 

41 

8*8 

0*034 

0*09 

1*24 

42 

8*0 

0*033 

0*08 

1*20 

43 

8*0 

0*041 

0*10 

1*52 

49 

8*2 

0*033 i 

0*09 

1*11 

59 1 

8*0 

0*029 

0*08 

TS2 

75 ! 

8*2 

0*033 

0*09 

1*09 

44 

7*8 

0*014 

0*05 

0*32 

45 

8*3 

0*034 

0*10 

0*94 

46 

8*4 

0*024 

0*0S 

0*43 

47 

8*2 

0*016 

0*06 

0*41 

50 

8*8 

0*023 

0*08 

0*61 

51 

9*4 

0*016 

0*05 

0*38 
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rtf. 

< ’Mori' In, 

, er n*nl. 

' 

Total solids, 
per cent. 

Tidy per 100,000 
(difference of 3 
minutes and 3 
hours figures at 

37°C.). 

Task nitmukr. 





52 

8-2 

0*026 

0*08 

0*55 

G5 

8*2 

0026 

0-07 

0*60 

53 

S*2 

0*044 

0*11 

0*74 

GO 

c**> 

*> - 

0*033 

0*10 

0*77 

54 


0-020 

0*07 

1*64 

55 

8*2 

0’04S 

0*12 

0-82 

5G 

9*0 

0*023 

0*08 

0-94 

57 

8*6 

0*051 

0*13 

1-50 

58 

8*0 

0-072 

0*17 

1-41 

51 

, , 

0-043 

0*11 

0-75 

02 

, , 

0*018 

0*06 

0*47 

63 

, , 

0*010 

0*06 

0*70 

04 

1 

0*031 

0*08 

0*46 

07 


0*016 

0*05 

0*31 

08 

, , 

0*087 

1 

0*17 

0*80 

G9 

8*6 

0*033 

0*09 

0*86 

70 

8-0 

0*013 

0*05 

0*44 

71 

8*4 

0*026 

0*08 

0*56 

72 

i 

8*6 I 

0*056 1 

0*13 

0*97 

73 

8*1 

0*013 

0*02 

0*67 

74 

8-0 

0*011 

0*04 

0*59 

76 

I 

! 

0-026 

0*09 

0*54 

77 

8-0 

0-048 

0*11 

0*90 

78 

8-2 1 

0-026 1 

0*08 

0*07 

79 

8-1 

0-018 

0*06 

0*39 
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Table XIII — eontd. 



i 

pH. 

Chloride, 
per cent. 

Total solids, I 
| per cent, 

Tidy per 100, 000 / 
(difference of 3 
minutes and 3 
hours figures at 
37°C.). 

Tank number. 

80 

| 

8*0 

i 

0-053 

0*10 

0*85 , 

81 

8*4 

0*015 

0*06 

0*21 

82 

8*0 

0*024 

0*07 

1 

0*15 

83 

7*9 

0*029 

0*08 

0*03 

84 

1 8*0 

0*041 

0*09 

0-09 

85 

9*2 i 

0-046 

0*10 

1-24 

86 

8*2 

0-072 

1 

i 

0-13 

1*02 

i 

87 

8*0 

1 

0-066 

1 

0-13 

0*81 

88 

9*0 

0-031 

0-08 

2*22 

89 

8*2 

i 

0-050 

t 

0*12 

0*93 

90 

8*8 

0-038 

0*10 

l 

1 0*99 

91 

8*4 

1 

0-044 

0*10 

1*02 

92 

1 8-6 

f 

0-033 

0*08 

•1*04 

93 

i 

8*0 

0-023 

| 

0*07 

0*55 

94 

8*0 

0*073 

0*17 

i 

i 

1*43 

95 

9*0 

i 

| 0*033 

| 

1 

0*09 

1*55 

96 

9*4 

0*056 

0*12 

i 

1*48 
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Table XIII— concld. 



pH. 

Chloride, 
per cent. 

Total solids, 
per cent. 

Tidy per 100,000 
(difference of 3 
minutes and 3 
hours figures at 
37°C.). 

Tank number. 





97 

S*4 

0*045 

0*11 

0*66 

98 

7*8 

0*038 

o-io 

0*96 

99 

8*6 

0*035 

0*10 

0*58 

100 

8*0 

0*031 

0*09 

0*88 

River number. 





16 

8*2 

0*064 

0*11 

0-95 

17 

i 

8*2 

0*073 

0*12 

0*71 

18 

8*2 

0*060 

0*10 

0*76 

19 

8*2 

0*061 

0*10 

0*94 

Canal number. 





20 

8*2 

0*683 

0*87 

0*89 

21 

8*0 

0*574 

0*74 

0*81 

22 

8*2 

0*858 

1*09 

0*82 

Drain number. 

29 

7*6 

0*066 

0-14 

2*18 


J, MR 3 



Table XIY. 

Showing multiplication and survival of V. cholera; in autoclaved samples of Calcutta tank water 

in different months of the year. 



Abbreviations as in Table I, 




Table XIV — contd. 
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Abbreviations as in Table I. ' 
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Abbreviations as in Table I, 



Bose, 


37 



Abbreviations as in Table L 




























Note. — T. S. = Total solids, per cent. 
Chlor. = Chlorides, per cent. 

Tidy = Tidy parts per 100,000. 

M. — Multiplication. 

S. — Survival. 
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Table XYI. 

Analysis of Tables XIII and XIV. 



Total solids, per 

CENT. 


Total solids, per cent. 

Month. 

0*05 and 
under. 

0*06 

0*07 

0*08 

0*09 

and 

over. 

0*05 and 
under. 



0-08 

0*09 and 
over. 

1938. 

May 



+ 

+ 

+ 

i 

i 

, 

I 

i ! 

t 

1 

1 

1 

June 

— 

— 

•• 

+ 

+ 

i 

1 

1 

fl 

1 

1 

I 

3 

July 

•• 

•• 

•• 

•• 


•• 

•• 

1 

! 

*• 

August 

— 

— 

+ 

i 

+ 

i 

+ 

2 

2 

■ 

2 

i 

1 

September , . 

— 

— 

B 

— 1 

+ 

1 

1 

1 

1 1 

1 

October 

— 

i 

■ 

i 

. . 1 

•• 

5 

•• 

1 

! 

• * 

November . . 

+ 

± 

•• 

•• 

•• 

3 

2 

T 


! 

* * 

•• 

December 

•• 

± 

+ 

•• 

•• 

•• 

l 

1 

3 


•* 

1939. 









1 

I 


January 

•• 

•• 

+ 

± 

i 

•• 

• • 

2 


I 

1 

February^ 

•• 

•• 

•• 

+ 

± 

i 

•• 

• • 

•• 


3 

l 

March 





± 





5 










1 


+ multiplication occurred. 

— no multiplication occurred. 

The right half of the table indicates the number of samples examined. 
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ON INHIBITION OF INDIVIDUAL TYPES OF 
CHOLERA-BACTERIOPHAGE BY 
VIBRIO EXTRACTS. 


BY 

N. V. MAITRA, b.sc., u.b. 

(An Inquiry under (he Indian Research Fund Association, Pasteur Institute 
and Medical Research Institute, Shillong.) 


[Received for publication, March S, 1939.] 


Ix a previous communication by Pandit, Maitra and Datta Roy (1936) it was 
shown that extracts prepared according to the method of Burnet (1934) of typical 
cholera and allied vibrios, inhibited the lytic action of certain of the ten types, e.^.. 
A, B, C, D, E, F, G, H, J, and K , of choleraphages used in that investigation” and 
that the vibrio strains whose extracts were investigated could be classified into 
three groups according to their : pk a c e "type inhibitions. It was also tentatively 
concluded that these groups corresponded in general to the grouping obtained by 
Linton and Mitra (1934-1935) according to the respective polysaccharides of those 
strains as determined by chemical analysis. The present communication is an 
account of the work which was followed in continuation of the previous studies with 
a few more biological data regarding inhibition. 

Burnet ( loc . cit.) observed that the 'phage inactivating power is destroved 
by the addition of homologous anti-serum concurrently with the appearance of 
specific precipitin reaction. Precipitin sera were prepared from typical strains of 
inhibition groups I, II, and III vibrios, using boiled suspensions of the organisms 
The strains selected were : — 

1617 — group I by inhibition test. Lintons carbohydrate I. 

603 — group II by inhibition test. Lintons carbohydrate TTT , 

W 832 — group III by inhibition test. A water vibrio, polysaccharide not 
known. 

TT 880 — group III by inhibition test. Linton's carbohydrate II. 

Rabbits were immunized against these strains by the intensive method described 
by Julianelle and Wieghard (1935). These sera were diluted 1 in 30 1 in 9 5 1 in 20 

( 41 ) 
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Inhibition of Individual Types of Cholera- Bacteriophage. 


and 1 in 20, respectively. Equal quantities of serum and extracts were allowed 
to remain in contact at 37 ,;i C. for two hours and the readings were then taken 
immediately. The formation of a ring at the surface of contact was taken as a 
positive reaction. The results are given in Table I : — 


Table I. 




Precipitin reaction at 

37°C. EOR TWO HOURS. 

Groups by 
inhibition. 

Extracts. 

Serum 1617 

1 in 30, 
group I. 

Serum 603 

1 in 25, 
group II. 

Serum W 832 

1 in 20, 
group III. 

Serum W 880 

1 in 20, 
group TII. 


653 . . 

+ 

+ 

— 

— 


In aba 

+ 

+ 

— 

- 


Ogawa 

+ 

+ 

— 

— 

Group I . . - 

1617 

+ 

+ 

— 

— 


W 880 (S.T.M. P.) 

+ 

+ 

— 

— 


M 45 

+ 

+ 

— 

— 


M 36 

+ 

+ 

— 

— 

V 

M 12 

+ 

+ 

— 

— 


R Recovered 

+ 

+ 





Group II . . - 

505 . . 

+ 

+ 

— 

— 


603 .. 

i 

+ 

i 

+ 

— 



■ 1612 






El Tor I 

— 

— 

— 

— 


W 880 

— 

— 

— 

+ 

Group III . . J 

W 832 

— 

i 

+ 

— 


1295 

— 


— 

— 


916 (H. B.) 

— 

i 

— 

— 


, 12 (H. B.) 

_ 

— 

— 

— 


+ =ss Positive, 


— = Negative. 
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It will be seen from Table I, that extracts of vibrios of inhibition groups I and 
II all gave a positive precipitin reaction with both group I and group II sera and 
invariably a negative result with group III serum. On the other hand the 
group III sera gave a positive result with their homologous extract only and were 
negative with the extracts of all the other group III organisms, which were also not 
precipitated by groups I and II sera. An attempt was then made to separate by 
means of the precipitin test the vibrios of groups I and II, which appeared to be 
differentiated, though not very definitely, by the inhibition test. This, however, was 
not successful. Moreover, an ‘O’ serum, Inaba or Ogawa of inhibition group I, 
agglutinates the vibrios Inaba or Ogawa of inhibition group II and vice versa. This 
preliminary work suggested that vibrios of inhibition group III possess a marked 
antigenic individuality and that vibrios of inhibition groups I and II possess a 
common antigenic factor and that following Burnet this antigenic factor is a poly- 
saccharide present in the ‘ 0 ’ antigen of the vibrio. The inhibition groups I and 
II vibrios have the same £ A ’ ’phage type inhibitory substance present in their 
extracts, while the inhibition group III vibrios fail to inhibit type A. The specific 
substance responsible for the inhibition of type A by the extracts of groups I and 
II vibrios appears to be the 'common factor for the precipitation with both group 
I and group II sera. In the light of this finding our previous grouping of vibrios 
into three groups appears unnecessary. Inhibition groups I and II of our previous 
work are, therefore, for the present combined into one single group I, and the 
original group III now becomes group II. With this revised grouping the vibrios 
fell into two main groups, the typical cholera vibrios into group I and the 
atypical, inagglutinable strains and water vibrios into group II. 

Continuing this work, inhibition tests were done with extracts of vibrios 
received from diverse sources. The extracts were prepared in the same way as 
reported in our previous paper and inhibition and precipitin reactions were 
performed to determine if any correspondence exists between agglutination, 
inhibition, and precipitin reactions. The results are shown in Table II. 

From Table II it appears that a general correlation exists between c 0 ’ agglu- 
tination, precipitation, and inhibition by extracts of group I. One exception will 
be noticed, i.e., strain M 47. This is not a typical agglutinable vibrio and yet by 
these tests it falls into inhibition group I. Strain M 47 was isolated among 
numerous other agglutinable vibrios in an epidemic of cholera in Manipur State 
(Assam) in 1935*. ,... 

Two of the El Tor vibrios belonging to Gardner’s c 0 ’ sub-group I were indis- 
tinguishable from the typical cholera vibrios by these two tests. Inaba ‘ rough ’ 
obtained by Bruce- White by specific bactericidal method also fell into inhibition 
group II by these tests. 

Inhibition with extracts of cultures rendered resistant to ’phage types in the labora- 
tory. — In working with cholera-bacteriopliage, it was found (Morison, 1932) that, 
given n types of ’phage, a susceptible vibrio strain could be rendered resistant to 
these n types in combinations of n-1 at a. time and also to. all the types taken together 


The strain M 47 was subsequently .found to be a mixed culture from which the typical agglutin- 
able vibrio was isolated. It appears that the inhibition and precipitin tests are even more sensitive 
than the agglutination test. ■ . 1 



Table II. 


44 


Inhibition of Individual Types of Cholera-Bacteriophage. 


p _ _ a . 
s| § g^ 
S*-g.a g B 

Safe- 8 
^ u O bD 


ft 


G 

o . 

sg* 

■2 o 


+ + + + + + + + + + 


0> 

a 

© 

43 

!§ 


+ 


<D 

fcfl 

ea . 

*5 1x3 

ft o 

*• 44 

o£ 

W rP 

® a 

P 

H 


W 

ft 


w 

ft 

ft" 

ft 


ft ft ft ft 

<r 


w 

ft 

ft 1 

ft" 


ft 

ft 

<T 


ft 

<f 


< <5 


ftj 

w 

ft" 

ft" 

c" 


ft 

<T 


5 s«h 
. 2 go 

43 £ 

c3 O -P * 
G w G £ 

'■s- S.-s 
,20 
M- S 


O 

o 


o 

o 


o 

o 


4) 

ft 

cd 

to 

Q) 

ft 


O 

o 


o 

o 


o 

o 


© 

o 


o 

o 


©• 

© 


© 

to 


© 

»o 


© 

o 


w 

H 

G 

* 

H 

H 

O 

£ 

o 

M 

« 

H 

O 

•< 

PQ 

O 

o 

iH 

H 

O 


G 

ed 


ft 


ft 

d 

ft" 

ft*. 


r3 1 ^ 

Aft 


: ft 


«w am Aft 
<f ft ft 


ft 

M 

ft <3 


ft 

kjr 

ft 

ft" 

d 

ft 


ft 

M 


ft 

d 

ft" 


© 

ft 


© 

© 


M 
W 
d 

Aft C* ft ft 

d*vj A A d ft A 

ft Ag W 
<5 <3 <*5 


<3 <3 


pQ 




w 

ft" 


w 

d 

ft" 


>-D 

d 


Hd 

d 


<5 

hT 

ft" 

d 


ft ft^ 
A" 


ft 

w 


Ay A 


o 

a" a" 


°ft 


A 

< 


ft 

w 

ft" 

ft 

o" 


ft 

o" 


►“5 

ft 

d 

ft" 

ft 

A 

d 

a" 


>“3 

ft" 

d 


•S 

*3 

f4 

43 

CO 


m 

ft 

© 

G 

ft 

u 

cj 

O 


rP 3 

4) 

H 

'H 

C3 

o 


ft 

r-4 

ft 


CO 

ft 

t-H 

ft 


A 

O 

»© 

CO 

ft 


t> 

ft 


oq 

© 

<N 


© 

« © 
u G 

O o 
ft u 

1 Tor 34 /: 
group I. 


©T 

rH 

i -4 

ic 

0 (A) 

< 

to 

fQ 

a 

> 


^ bo 

ID 

IQ 

H 

t- 

CO 

cd 

43 


ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 


type: 


N. M. Maitra, 


45 


+ + 






ft 

ft 03 


w 


<1 


*“D 


o 

w 

w 

ft 

c 

C5 

ft" 

f=t 

p=T 

ft 

w 


^Vj 

fi\4 

PJ 

*W 

<? 

<? 

°hT 

m 


hT 

ft 

w 

d 

vJT 

ft 

w' 

w 

c? 

ft" 

ft" 

d 

o" 

o 

ft 

ft" 

ft" 

nf 

ft" 

fi 

ft 

ft |_3 03 

o 

s 

ft" 


w%4 

ft h4 

& 

gr 

>i 

ft" 

°:« 

m V 

°v 

V a 

ft - 43 



4 


< <{ 

<1 < 

4 

< 


fe; fe; fe; te; te; fei te; 


ft 

ft 

ft 

ft 

ft 

•tj 




03 

a 

ft 

w 

ft 

HH 

o 

CO 

Ci 

r— I 

ft 

c3 

l> 

tH 

ft 

CD 

oo 

00 

CO 

03 

CO 

OJ 

CD 

i— ( 

C 

1— 1 

ft 

00 

00 

o 

OJ 

O 

CO 

£ 

£ 

£ 

£ 


- — t~* 

Ol 

<M r-l 

CO 

fcj KT ►> 



46 Inhibition of Individual Types . of Gliolera-Bacteriophage. 

so that a series of multi-type resistant cultures could be obtained each of which 
was lysed by one only of the n types, whilst the w-resistant culture was not 
susceptible to the action of any type of bacteriophage then known to exist. 
Extracts were prepared with such multi-type resistant cultures according to 
Burnet’s technique and inhibition tests were performed. The results are given 
in Table III : — 


H 



Table III. 



r - 


Strains 

Action of the types of ’phage, j 

Types of 
’phage 
inhibited. 


Precipitin 
reaction 
with an 
‘ 0 ’ serum, 
group I. 

Extracts. 

from which 
extracts 
prepared. 

Lysed by 

Resistant to 

Inhibition 

group. 

(ll-A) r .. 

(ll-A) r 

A 

B, C, D, E, F, G, J, 
K, L. 

i 

A 

i 

I 

! 

j 

+ 

(ll-B) r .. 

(ll-B) r 

B 

; 

A, C, D, E, F, G, H, J, 
K, L. 

i 

Nil 

II 

— 

(H-C) r .. 

(ll-C) r 

c 

a; b, d, e, f, g, h, 
J, K, L. . 

Nil 

II 

— 

(ll-D) r .. 

(ll-D) r 

D 

A, B, C, E, F, G, H, J, 
K, L. 

D 

II 

— 

(ll-F) r .. 

(ll-F) r 

F 

A, B, C, D, E, G, H, J, 
K, L. 

Nil 

II 

— 

(ll-G) r .. 

(ll-G) r 

G 

A, B, C, D, E, F, H, J, 
K, L. 

Nil 

II 

1 

— 

(ll-H) r .. 

(ll-H) r 

H 

A,B, C, D, E, F, G, J, 
K, L. 

Nil 

II 

— 

(ll-J) r .. 

(ll-J) r 

J 

A, B, 0, D, E, F, G, 
H, K, L. 

Nil 

11 

— 

(ll-K) r .. 

(ll-K) r 

K 

A, B, C, D, E, F, G, 
H, J, L. 

Nil 

l 

II 

— 

li r . 

ll r 

Nil 

All types 

Nil 1 

II 

— 
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It will be seen from Table III that when a cholera vibrio was made resistant 
in the laboratory to all ’phage types except one and to all the 11 types of bacterio- 
phage, the resultant 11-1 resistant and 11 resistant strains, though derived from a 
typical agglutinable vibrio of the Ogawa type, fell into group II by inhibition test 
and the precipitin test with the sole exception of 11-A resistant. In order to 
ascertain whether a high degree of resistance to bacteriophage action per se was 
responsible for this grouping, a number of other strains, both agglutinable and 
inagglutinable, which on isolation were found to be highly resistant to bacteriophage, 
were tested (vide Table II). These results show that the acquisition of a high degree 
of bacteriophage resistance,, even to that of resistance to all types, when occurring 
in nature, does not necessarily bring about the reversion of an otherwise typical 
cholera vibrio from inhibition and precipitin group I to group II as it appeared to 
do when the resistance to bacteriophage action is artificially produced in the 
laboratory with the intervention of type A. 

This appears to indicate that these tests depend not on bacteriophage resistance 
per se, but on some alteration in the constitution of the vibrio resulting therefrom, 
and that in the process of producing the resistant strains artificially with the 
intervention of type A the vibrios were apparently more profoundly altered than 
may be the case when the resistance is acquired naturally. In this connection one 
may compare strain F 5 (7) with W 127 and strain Etawah with U. P. V. Both the 
former strains are 11-1 resistant and the two latter strains are both 11 resistant, 
yet in each case one strain falls into group I and the other into group II. 

Determination of the polysaccharide nature of vibrios by inhibition . — It was shown 
by Gough and Burnet (1934) that the ’phage inactivating agent present in the 
.extracts was a polysaccharide. They also showed that the polysaccharide of living 
bacterial cells obtained in their autolysates was more complex than that obtained 
in the usual liaptene preparation. 

In a previous communication (Pandit, Maitra and Datta Roy, loc. cit.), the inhi- 
bition groups, thought to be at the time three in number, were considered to corres- 
pond more or less to the grouping of Linton and Mitra (loc. cit.) according to the 
polysaccharides as determined by chemical analysis by these workers. Since the 
’phage inactivating agent is considered to be of a polysaccharide nature, it was 
expected that a relationship could be established between this test and the actual 
polysaccharide of the vibrio. Among the organisms tested were twelve strains 
kindly sent by Dr. Linton, the nature of their polysaccharides having been deter- 
mined by him previously. These included strains representative of the various ‘ 0 ’ 
sub-groups of Gardner and Venkatraman (1935) of which only one, i.e., Inaba, 
belonged to sub-group I. Inhibition tests were performed with extracts of these 
strains. The results are given in Table IV. 

From Table IV it will be seen that only the Inaba strain fell into inhibition 
group I, the remainder falling into the heterogeneous group II. There was no 
relationship between the carbohydrate of the vibrio as determined by Linton and 
Mitra and the inhibition group to which it belonged. Inaba, which contained their 
carbohydrate I, fell into inhibition group I, but seven inagglutinable vibrios which 
also contained the identical carbohydrate, either by itself or in combination with 
carbohydrate III, all fell into inhibition group. II. 
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Table IV. 


Extracts. 

i 

1 

i 

Strains. 

Gardner- 

Bruce-White 

Action of the tyfes 
of ’phage. 

Types of 
’phage in- 
hibited. 

Group by 
inhibition. 

Actual 
polysacch- 
aride by 
chemical 
analysis. 



classification. 

Lysed by 

Resistant to 

Inaba 

Inaba 

j 

I 

A, B, C, D, 
E, F, G, 
H, J, K, 
L. 

Nil 

A, B, D, F, 
H, J, K. 

I 

C I. - 

Inaba R . . 

Inaba R 

A 

B, C, T), E, 
F, G, H, 
J, K, L. 

A 

Nil 

II 

C I. 

N 32/124 .. 

N 32/124 

II 

E, F, G, K 

A, B, C, D, 
H, J. 

E, H 

i— i 
MS 

C III. 

N 32/77 . . 

N 32/77 

II 

E 

i 

1 

1 

A, B, C, D, 
F, G, H, 
J, K, L. 

B 

II 

C I. 

N 32/77-R 

N 32/77-R 

l 

i 

B 

E 

i 

A, B, C, D, 
F, G, H, 
J, K, L. 

B 

II 

! C I. 

N 32/123 .. 

N 32/123 

III 

Nil 

All types 

, E, H 

II 

C III. 

N 32/110 .. 

N 32/110 

i 

IV 

Nil 


Nil 

II 

C I and 
III. 

N 32/110-R 

N 32/110-R 

C 

K 

A, B, C, D, 
E, F, G, 
H, J, L. 

B 

II 

C I. 

El Tor 
34/D/19. 

El Tor 34/D/19 

V 

1 

i 

B 

A, 0, D, E, 
F, G, H, 
J, K, L. 

B, H 

II 

C III. 

Kasauli 73 

Kasauli 73 

VI 

F 

A, B, C. D, 
E, G, H, 

J, K, L. 

E 

II 

C III. 

N 32/101 .. 

N 32/101 

Strain specific 

D, J 

A, B, C, E, 
F, G, H, 
K, L. 

B, D, J 

II 

C I and 
III. 

N 32/101-R 

N 32/101-R 

D 

i 

B 

A, C, D, E, 
F, G, H, 

J, K, L. 

B, H 

II 

C I. 


Summary. 

1. By the test of inhibition of cholera-bacteriophage types by vibrio extracts 
prepared according to Burnet’s method and by the precipitin reaction of these 
extracts, vibrios fell into two main groups. Group I contains typical smooth 
cholera vibrios, whilst group II, which is heterogeneous, contains water vibrios, 
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atypical cholera vibrios, including Inaba * rough ’, the ’phage variants tested with 
the exception of 11-A and other non-agglutinating strains. 

2. El Tor vibrios belonging to Gardner’s ‘ 0 ’ sub-group I cannot be 
distinguished from typical smooth cholera vibrios by the inhibition and 
precipitin tests. 

3. Both the inhibition and precipitin reaction appear to depend on a common 
factor which is related to the complex polysaccharide receptor of the cholera vibrio 
but bears no direct relation to the type or quality of polysaccharide by chemical 
analysis as found by Linton. 
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In the communications of the Public Health Office (D. V. G.) of 1937 a short 
reference was made to an investigation into the occurrence of vibrios in 20,444 
samples of fsece’s and water, derived from non-cholera patients, from healthy 
persons, from some drinking water wells, pools and some other kind's of water, 
mentioned in the Annual Report Geneeskundi'g Laboratorium (1937). 

The investigation was made at Dr. de Vogel’s suggestion, who, seeing the great 
similarity between cholera and the El Tor strains and the uncertainty of the im- 
portance of the latter sort of vibrios, considered it of particular value to find out 
whether in these countries, where between 1927 and 1937 no cholera epidemics have 
been known to occur, this land of vibrio is to be found either in man or in nature. 
In the course of this investigation 510 strains of vibrios were isolated, none of 
which possess the typical vibrio El Tor characteristics according to Shousha’s 
indications. This investigation took place before the cholera epidemic at the end 
of 1937 on Celebes (de Moor, 1938). During the epidemic the El Tor vibrios were 
repeatedly found in the water from wells in the close vicinity of the cholera cases, 
as was stated by de Moor ( loc . cit.). By the side of these waters vibrios were 
found, which according to Heiberg belong to the groups I and II and according to 
Gardner and Venkatraman to individual serological types. 

The occurrence of agglutinable vibrios in healthy persons during a cholera 
epidemic has long been known. In an investigation of the fasces of 1,000 inhabitants 
of the Batavia lcampongs during a cholera epidemic Flu has found from 6 to 7 per 
cent of carriers. The presence of inagglutinable vibrios was also stated by Flu 
(1914) in Batavia and by Mackie and Storer (1918) in Egypt and the same was 
found by Greig (1916) in an examination of water pools in the neighbourhood of 
Calcutta. 


( 51 ) 
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For many years the characteristic of micro-organisms of being strongly 
agglutinable with high-titre antisera (OH) has been used for the identification of 
V. cholerce but after the studies of Bruce White arid others, who have shown the 
unspecific nature of the thermolabile (H) antigen of the vibrio, the ‘ 0 5 antisera 
have been introduced into cholera diagnostics. Proceeding thus Gardner and 
Venkatraman (1935) have succeeded in grouping five ‘ 0 5 types from a collection of 
vibrios not belonging to the classical cholera strains, by the side of a serologically 
entirely separate group of ‘ Individual ’‘O’ types, the antisera of which are only 
suitable to the homologous strain. 

These investigators came also to the conclusion that the V. cholerce is a 
non-hsemolytic one with the specific ‘ 0 ’ antigen belonging to the sub-group T. 

The investigations made by Taylor, Pandit and Read (1937) on 558 vibrios in- 
agglutinable with cholera ‘ 0 ’ sera, which had been isolated from the stools of 
cholera cases, from healthy carriers, and from water both in endemic and non- 
endemic regions, show that the above-mentioned serological types of vibrios 
are widely scattered all over British India. 

The use of 33 antisera proved insufficient in British India to classify separately 
the 558 strains. Diversity, both as to biochemical qualities and to serological 
character, seems to occur more frequently among cholera-red negative cultures. 

In analogy with the researches made in British India we have tried to identify 
the vibrios of various origin, found in this country, by exactly determining their 
biochemical and serological relations. For from an epidemiological point of view 
it is interesting to know whether the vibrio types occurring in British India are also 
found here. 

As mentioned above, 510 vibrio strains were isolated from 20,444 samples of 
feces and water. Thirty-two of them* reacted rather strongly to HO-serum from 
the Institute Pasteur at Bandoeng. 

In our research we have restricted ourselves to the study of the 32 strains 
mentioned above, which, as regards their origin, may be divided thus : — 

Fifteen strains from random patients (non-cholera cases) in the C. B. Z. 
(Central Clinics). 

Sixteen strains isolated from stools of healthy persons, and one strain isolated 
from water. 

■ As control matter we employed 10 cholera and 10 El Tor strains, which were 
sent to us by the Director of the Department of Public Health at Bangkok and by 
Dr. Doorenbos at Alexandria, to which gentlemen our heartfelt thanks are due, as 
also to Dr. de Moor who w r as kind enough to put at our disposal the Celebes strains 
isolated by him. 

Method of isolation. 

From the feces inoculations were made in 30 c.c. of alkalized peptone water 
pH 7*8 and after 24 hours in the incubator sub-cultured on a Dieudonne plate. Of 

* Of these 29 originated from Java ont of a total of 19,000, i.e., 0'15 per cent of faeces, samples 
examined. 

One from Sumatra out of a total of 637 = 0 - 15 per cent of cases examined. 

Two from the other islands out of a total of SOI = 0'25 per cent of cases examined. 
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the suspected colonies n preparation was made, stained by Gram’s method, its moti- 
lity checked in a hanging drop. When the motility of Gram-negative curved rods 
was high, the colony was more closely examined. 

The isolation of vibrios from water was done as indicated by Kolle and Prigge 
(192S). 

One litre of water sterilely drawn from well, river, or ditch was mixed with 
100 e.o. concentrated peptone solution of the following composition : — 

1 litre of aq. dost. 

100 g. peptone Witte. 

100 g. NaCl. 

20 g. potassium carbonate. 

1 g. potassium nitrate. 

In addition 15 mg. of KCN per litre were added (Flu, 1915) to inhibit the 
growth of protozoa. This litre of water was divided over 10 tubes, which 
were placed in the incubator and after 6 and 24 hours sub-cultured in the 
usual fashion. 


Biochemical characteristics. 

(a) In order to check the behaviour of the vibrios witn regard to carbohydrates 
1 per cent glucose, lactose, maltose, mannite and saccharose-peptone water are 
always used and the c sugars 5 which Heiberg (1935) has used to differentiate the 
vibrios. Heiberg lias found in his researches that the agglutinable vibrios belong 
to his group I, which statement has been confirmed by Taylor et al . ( loc . cit.). 

Gardner and Venkatraman (loc. cit.) divide the vibrios into three groups, viz., 
1 typical ‘ atypical ’, and ‘ non-fermenting \ To the ‘ typical 5 group belong 
those strains which produce acid without gas in glucose, mannite, maltose and 
saccharose, give a positive cholera-red reaction, and do not ferment d incite. In 
the c atypical 9 group one or more of these biochemical qualities diverge from t.ie 
normal character, whereas in the c non-fermenting 5 group the carbohydrates are 
not acidified and gelatine is not liquefied. 

From Table I, it appears that out of the 32 strains examined by us 10 belong 
to Heiberg’s type I, 17 to type II, 3 to type III, and 2 to type IV. Furthermore, all 
our cholera* and El Tor strains appear to belong biochemically to Heiberg s type 
I. Ro the type-differentiation after Heiberg shows us here too that the vibrios 
agglutinable with cholera-sera ‘ O 9 belong to group I. The reverse is, however, not 
the case, so that in diagnosing cholera vibrios we should not judge by fermentation 
reactions only. 

( b ) If we consider the results of the cholera-red reaction in several vibrio cultures 
isolated by us, it appears that in 10 of the fermentative type I, only 6 strains give a 
positive cholera-red reaction, whereas out of 17 of the fermentative type II, there 
are 14 with positive cholera-red. The three strains of type III, and two strains of 
type IV, all of them give a negative cholera-red. These results agree more or less 
with those of Taylor and his co-workers who found a positive cholera-red reaction 
in 90 per cent of the Heiberg’s type I strains, a negative cholera-red in 342 cultures 
of. type II, and a negative cholera-red in types III and IV. 
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According to Gardner and Venkatraman’s division 20 of our strains, therefore, 
belong to the ‘ typical 5 group, 12 to the ‘ atypical ’ group and none to the 
‘ non-fermenters 

(c) In all our strains the indole reaction was positive, except in strain 8868, 
which belongs to the fermentation type Heiberg II. 

(d) All strains liquefied gelatine. 

( e ) Voges-Proskauer reaction. — 

In the carrying out of the Y. P. reaction two methods were applied : — 

1 . The original reaction after Voges-Proskauer. — To 5 c.c. of three days’ 

old 1 per cent peptone Witte-glucose culture are added 2 drops of a 
2 per cent FeCl 3 solution and subsequently 5 c.c. of 10 per cent KOH 
solution. Kept for 2 hours at 37°C. and then at room temperature. 
The readings took place after 24 hours. 

2. The modification after Barritt (1936), where KOH and a-naphthol cryst. 

med. (Schering Kahlbaum) are used is much more sensitive than the 
former. To 1 c.c. of 48 hours’ old Difco-peptone culture are added 
0 - 5 c.c. of KOH and 0’5 c.c. of a-naphthol alcoholic solution. The 
test may be read immediately and a positive reaction -is to be 
recognized by the purple-red coloration. 

The original Y. P. reaction was only six times positive with our 32 strains. 
The modification after Barritt on the other hand gave many more positive results. 
Out of the 32 inagglutinable strains there are nine that gave no reaction. The results 
of the investigations of Taylor et ah, who assert that agglutinable non-haemolytie 
vibrios should give a negative V. P. reaction after Barritt’s modification, could not 
be confirmed by us with two Noth. Indian strains used. In Table III, we see that 
the cholera strains that had been inserted as controls in this experiment gave on 
the whole a negative V. P. reaction, an exception formed the strains V. C. Epidem. 
Nov. 1927 I and Y. C. Ill (Moclrtar and Baars, 1938). 

The El Tor strains, however, gave a positive V. P. reaction after Barritt except 
D 84 and D 90. 

(J) The haemolytic capacity of the strains was examined as well in broth as in 
peptone cultures and on 5 per cent goat’s blood agar plates. 

In the examination of peptone cultures the haemolysis test after Greig 
{Joe. c it.) was applied : 1 c.c. of a 5 per cent saline suspension of once washed 
goat erythrocytes was added to an equal quantity of a 48 hours’ old peptone 
culture. The original medium contained 1 per cent of peptone Witte with 
0*85 per cent of NaCl whereas the pH was brought to 7‘6. After the addition 
of the blood the tubes were shaken and for two hours kept in the incubator at 
37°C. then transferred to cold storage until the following day. The reaction 
was read 24 hours after the addition of the blood. 

For demonstrating the haemolytic capacity of the strains in broth cultures the 
following technique was used : — 

To isotonic Liebig broth fresh, defibrinated, and once washed goat’s blood is 
added 24 hours before the inoculation. The inoculated tubes with the goat’s 
blood at the bottom are incubated at 37°C. and daily checked as to the appearance 
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of haemolysis. When looking at Table I, we see that out of the 32 strains 22 are 
distinctly haemolytic according to both methods. As compared with Heiberg 
the results are as follows : — 

Out of tlio 10 type I strains 7 are licemolytic. 

»> » 17 >* II >i 14 ^ » 

>> »» >> ^ »» III » I is 9> 

The 2 „ IV „ are not „ 

The application of the test after Greig has the following drawbacks : — 

J. The presence of ha3motoxin is by this method shown only in 48-hour old 
cultures. The generally late appearance of endohoemolysin (Latnpe) 
is not recognized by this method (which may be an advantage). 

2. The exact moment at which haemolysis sets in is thus not to be stated. 

3. The duration of the action of the liaemotoxin is according to this method 

• restricted to two hours. 

Much . more elegant we consider the method with blood-broth tubes, as 
recommended by van Loghem and described by Botman (1936). In his investiga- 
tions about the variability of vibrios Botman has also made use of blood-broth 
cultures. Here the reading of the appearance of haemolysis is indeed simpler, the 
haemolytic capacity of each strain is separately add without titration to be com- 
pared. Heemagglutination (which may make the tracing of haemolysis difficult) 
is excluded. A drawback, however, is the insufficient contact of the haemolysins 
with the goat-blood corpuscles, which may be intensified by shaking the blood 
corpuscles, which in van Loghem’s method otherwise remain at the bottom of the 
tube of isotonic broth. All previous haemolysis tests were made after van 
Loghem’s method, so without shaking. 

(g) The use of 5 per cent goat’s blood agar plates yielded the following 
results : — 

19 strains showed a combination of a green and a pale pink zone round the 
inoculating lines. On the pale pink zone a trace of oxyhsemoglobin is still to be 
discovered spectroscopically. With four strains an exclusive greening of the 
plate round the colonies is visible and with six strains the plates have remained 
unaltered. 

Inoculation on blood-water plates showed a distinct greening (digestion) 
with 23 strains. 

(h) The serological relations of the strains isolated were examined by testing 
the reaction with the * H ’ + ‘ 0 ’ and ‘ 0 ’ sera. The use of ‘ H ’ -f- ‘O’ serum 
was, as mentioned above, thought necessary for a tentative investigation. Thus, 
a large group of inagglutinable vibrios could be eliminated, which were immomen- 
tous for our purpose. This ‘ H ’ + ‘ 0 ’ serum was prepared from strains belonging 
to the ‘ 0 ’ sub-group I after Gardner and Venkatraman. 

' It was more important to examine the behaviour of the isolated strains with 
regard to ‘ 0 ’ sera. The ‘ 0 ’ sera are obtained by injecting rabbits intravenously 
with a suspension of the agar-cultures that had been boiled for two hours. Besides 
‘ 0 ’ sera were also made from the dried antigens Inaba and Ogawa of Bruce White 
(especially prepared for routine work by the Standard Laboratory at Oxford). 
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These dried antigens were obtained by ns through the land intermediary of 
Dr. de Yogel and Colonel Taylor. With one mg. of this a rabbit was given three 
intravenous injections at intervals of five days. The end titres obtained of the 
different sera* are mentioned in the table. No serum of a titre lower than 
1/3,200 was used for the test. 

The bacterial suspensions are made by suspending a 24-hour old 3 per cent 
meat-agar culture in a physiological NaCl solution to which formalin has been added 
lip to O' 25 per cent. The density of the suspension is always compared with the 
standard tubes (hsemocytometer method after Brown), and the density is chosen 
agreeing with the presence of 2 milliards of bacteria per c.c. of suspension. After 
the serum dilution and addition of the suspension the tubes are incubated at 37°C. 
Reading takes place the next day. Judging from the results obtained with the re- 
action to ‘ Ii ’ + £ 0 ’ Bandoeng serum of a titre 1 : 12,800 we noticed that three 
strains (280 BA, 1605, and 3488) reacted to a serum dilution of 1/6,400 (50 per cent), 
one strain (N : 4375) to a dilution of 1/3,200 (25 per cent), six strains, viz., 9952, 
122, 2938, 3041, 418 BA, and 4152 to a titre of 1/1,600 (12'5 per cent), and the other 
21 strains reacted only to a serum dilution of 1/200, 1/400 and 1/800. 

If we consider the reaction to * 0 ’ sera (Tnaba and Ogawa) it appears that there 
is no single strain that gives a high agglutination titre. Only the strains 280 BA, 
1605, and 2938 give a secondary agglutination with a serum dilution of 1/400, with- 
out clarification occurring. 

Thence the vibrio strains isolated by us completely deviate serologically from 
typical cholera vibrios. 

In order to identify the serological types of our strains more accurately we 
have made agglutination tests with ‘ O 5 sera, prepared from the British India 
strains 32/24, 32/23, 32/109, 34 D 19, and 73, respectively, belonging to the groups 
2, 3, 4, 5, and 6 of Gardner and Venkatraman (kindly put at our disposal by Colonel 
Taylor) and also with ‘ O ’ sera prepared from 12 of our own strains, viz., the strains 
9952, 15/538, 122, 9049, 2938, 10774, 418, 4375, 3803, 7171, 306. and 2688. 

Eleven out of the seventeen strains examined by the Central Research Institute 
at Kasauli (cf. last column of Table II) proved to agree serologically with vibrios 
found in British India in cholera cases. 

The strain 2938 is serologically identical with the British Indian 8314 isolated 
from a carrier. The strain 3488 proved to be auto-agglutinable. 


Summary. 

From the above we may deduce : — 

1. That a number of vibrio strains, belonging to the types II, III, IV, and 
several so-called individual ones, after Gardner and Venkatraman, 
which in British India have been found in typical cholera cases and 


* In order to preserve the ‘ H ’ + ‘ O ’ sera phenol-glycerine is added in such a way that the phenol 
concentration comes up to about 025 per cent. A standard phenol-glycerine solution is started from 
the following composition : phenol 11, glycerine 40, physiological sodium chloride solution 200. 
Before use this solution is 10 x diluted and 'three parts of the diluted phenol solution are added to 
one part of serum. The thus treated sera keep longer in cold storage. The ‘ O ’ antisera keep long 
when equal parts of glycerine are added to them. 
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have been isolated here from the freces of healthy persons agree 

serologically. The results are contained in Table I. From this it 

appears that the use of 17 antisera is not sufficient to serologically 

classify the 32 strains. Most of the strains stand more or less bv 
*• «/ 

themselves so that there is no reason to assume serological unity. 
Two strains (2621 and 29 VIII15) belong to type II of Gardner and 
^ Venkatraman, three strains (1605, 9205, and 10874) to type III, and 
three strains (3287, 280 BA, and 4152) to type IY. Only type V of 
Gardner and Venkatraman ’s is not represented in oux collection. 

2. That the anti- c 0 5 cholera sera yield specifically better results for 

diagnosis than cholera c OH 5 sera, if read after 24 hours and if 
clarification is assumed to be a criterium for c 0 5 agglutination. 

3. That the use only of the fermentative classification after Heiberg is vot 

satisfactory , although all cholera strains were found by us to belong 
to type I Heiberg. 
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Table III. 

Biochemical and serological reactions of cholera and El Tor strains for comparison. 
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THE NUTRITIVE VALUE OF PAPAIN-MUTTON BROTH. 


BY 

SARASHIPADA BOSE. m.sc. (Dacca), ph.D. (Loud.). 

(Cholera Inquiry under the I. R. F. A., Central Research Institute , Kasauli.) 

[Received for publication, March 9, 1939.] 

The degree to tvliich papain carries the digestion of protein has been investi- 
gated by a number of workers. "Wurtz (I860) found leucine to be amongst the 
products of papain digestion. Chittenden, Mendel and McDermott (1898), however, 
showed that the chief products of papain digestion were deutero-albumose and pep- 
tone. These investigators showed that even under the most favourable conditions 
the amino-acid formation was very slight. In 1901 Vines, on the other hand, 
reported positive tryptophane tests with chlorine water in papain digestion of fibrin. 
But Mendel and Underhill (1901) in over sixty digestion experiments, using four 
different samples of papain and casein, fibrin, coagulated egg-white, and boiled and 
raw muscle as substrates, obtained evidence of leucine, tyrosine, and tryptophane 
with uncoagulated muscle only. This exception they attributed to autolytic. action. 
Mendel (1902) pointed out that the results of Vines were open to the objection that 
no antiseptic was used and the possibility of the bacterial origin of the tryptophane 
was not excluded. Modern researches, however, have cleared the question as to 
the extent of the hydrolysis by papain. It has been found that papain digests 
protein only up to the peptone stage; thus peptones, whether obtained by peptic 
or by papain digestion, are not attacked by papain but are split only in the presence 
of hydrocyanic acid (Waldschmidt-Leitz, 1929). This activation, first recognized 
by Mendel and Blood (1910), has been extensively investigated by Frankel (1917). 
Thus, although papain is a true protease, it becomes capable of attacking peptone 
only when activated by hydrocyanic acid. This point is stressed to show that in the 
process of preparation of papain-mutton digest medium for the cultivation of 
micro-organisms there is little possibility of free amino-acid being formed. 

Martin (1927) first made use of papain in the preparation of mutton broth for 
bacteriological purposes. Martin’s method consisted in digesting mutton with papain 
for six hours at temperatures varying from 50°C. to 80°C. The papain-mutton 
broth thus prepared has since been found to be one of the best and cheapest media 
for general use. A perusal of the literature shows that no work has been done on 
this subject to determine the exact period of complete digestion of mutton with 
papain. Asheshov, Aslieshov, Khan and Lahiri (1933) state that papain-digested 
meat media prepared by carrying out digestion at 70°C. for three hours was quite 
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suitable for the growth of V. cholera} and its bacteriophage. Recently, Yardon and 
Datta Roy (1938) prepared a papain-casein culture medium and found that at 70°C. 
to 80°C. 1*5 grammes of papain digested one litre of 2*5 per cent casein solution in 
approximately two hours. 

The present investigation has been for the purpose of determining the period 
of complete digestion of mutton with papain in the preparation of papain-mutton 
broth and for ascertaining the products at different stages of digestion in relation 
to the yield of vibrio growth. 


Experimental. 

The progress of digestion of mutton with papain was followed by determining 
the amino-nitrogen, oxidizable matter, and total nitrogen. Proteins, proteoses, 
peptones, and residual nitrogen were also determined at various stages of digestion. 
Finally, the yield of Vibrio cholercc grown on papain-mutton agar slopes prepared 
from the digest obtained at different stages of digestion was estimated. The biuret 
test, as it is generally done to follow the course of digestion, has not been found to 
indicate the stage of digestion reached. Thus, the biuret test showed a rose-red 
coloration when digestion progressed only for half an hour but by chemical analysis 
it was found that much undigested protein was still in solution at that period. 

Digestion op mutton with papain. 

The digestion was carried on for half, one, two, three, four, five, and six hours, 
respectively, in separate flasks. The mixture in each flask was prepared as 
follows : — 

Three hundred grammes of minced mutton free from fat was accurately weighed 
and rubbed up with 6 grammes of powdered papain in a mortar. This was then 
stirred with 200 c.c. of distilled water and transferred to a flask. A litre of distilled 
water was then added, thereby making the total volume of water to 1,200 c.c. The 
flasks, each containing the above mixtures, were then placed in a water-bath main- 
tained at 60°C. The reactions were adjusted to pH 7'0 and re-adjusted after every 
hour by the addition of ION alkali. Two control experiments were also set up 
without the addition of papain and estimations made immediately on prepara- 
tion and after 6 hours in the water-bath. After the requisite periods of digestion, 
the flasks were taken out of the water-bath and strained through muslin. The 
turbid filtrates were then autoclaved at 15 lb. pressure for half an hour to inactivate 
the enzyme. "When cold the contents of each flask were filtered off from its 
coagulum. One hundred cubic centimetres were taken from each of the clear 
filtrates thus obtained for chemical analysis. The rest of the filtrates were used 
for preparing the nutrient agar. 


Chemical analysts of the broth. 

1. Determination of amino-nitrogen . — The formol titration first developed 
by Sorensen (1 907) for determining amino-nitrogen has been modified by different 
workers. . Brown . (1923) modified the formol titration for determining amino- 
nitrogen in bacteriological media. The method adopted in the present investigation 
was essentially that of Brown and the results at different stages of digestion are 
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given in Table I. It was found that the for mol titration figure increased as the 
digestion progressed and came to a maximum at the end of two hours, after which 
it remained constant. This shows that after two hours of digestion, there is no 
further appreciable liberation of amino-nitrogen. 

2. Determination oj oxidizable matter . — The determination of oxidizable matter 
by the permanganate process has been found to give a very fair estimation of the 
nutrient properties of the medium. The method has been described in detail by 
Asheshov et al. (loc. oil.). The percentages of oxidizable matter at different periods 
of digestion are shown in Table I. It was found that the oxidizable matter increased 
with the course of digestion and like the formol titration figure reached a maximum 
at the end of two hours, after which it remained constant. 

3. Determination of total nitrogen. - -The nitrogen was determined by Kjeldahl’s 
process and the amounts at different stages are recorded in Table I. It was found 
that like the results found by the formol titration and oxidizable matter estimation 
the total nitrogen content increased as the digestion progressed and became maxi- 
mum at the end of two hours, after which it remained constant. 

The above three estimations, i.e., by formol titration, estimation of oxidizable 
matter and total nitrogen, all show that the digestion of mutton with papain at 
60°C. is complete at the end of two hours. The course of digestion can, therefore, 
be followed by any of the above three methods, but of these, the formol titration 
has been found to be the simplest and is recommended for determining the 
completeness of digestion of papain-broth. 

The figures for amino-nitrogen, oxidizable matter, and total nitrogen of the two 
controls before placing in the water-bath and after six hours at 60°C. are shown in 
Table I for comparison : — 


Table I. 


Broth. 

Formol titration, 
mg. of amino- 
nitrogen per 
100 c.c. 

Percentage 
of oxidizable 
matter. 

Total nitrogen, 
mg. per 100 c.c. 

0 hour 

14 

0*2 

92-4 

i „ 

42 

0*5 

204-4 

i 

84 

1-0 

422*8 

2 hours 

140 

: 

1*5 

587-7 

3 ,, 

140 

1*5 

588 

4 „ 

140 

1*5 

588 

5 „ 

140 

1*5 

588 

6 „ 

140 

1*5 

i 

590 

0 hour control (without 
papain). 

3*5 

0*05 

25 

6 hours control (without 
papain). 

7*0 

0*10 

58 
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The experiments were repeated with half the quantity of papain and the amino- 
nitrogen, oxidizable matter and total nitrogen estimated as before at different periods 
of digestion. The results are recorded in Table II. It will be seen that the diges- 
tion of 300 g. of mutton with 2 - 5 g. of papain was complete at the end of 3 hours 
instead of 2 hours found in the previous experiment where double the quantity of 
papain was used. The formol titration and oxidizable matter figures reached the 
same maximum level in both the digestion experiments. The maximum total 
nitrogen figure obtained in the present experiment was, however, about 18 mg. less 
than that found in the previous one. This is shown to bd accounted for by the 
lesser quantity of papain used in this experiment ; as in a control experiment it 
was found that 2'5 g. of powdered papain itself under the above experimental 
conditions contributes about 22 mg. of nitrogen from 2 hours onwards. 


Table II. 


Broth. 

Formol titration, 
mg. of amino- 
nitrogen per 
100 c.c. 

Percentage 
‘of oxidizable 
matter. 

Total nitrogen, 
mg. per 100 c.c. 

0 hour 

14 

0-25 

94 

i „ .. 

35 

0*45 

201 

i „ .. 

G3 

0*80 

326 

2 hours 

112 1 

1-1 

394 

3 „ .. 

140 

1*5 

570 

4 .. 

140 

1*5 

572 

5 „ .. 

140 

1*5 

571 

6 „ .. 

140 

1*5 

571 


4. Estimation oj 'proteins, proteoses, peptones, and residual nitrogen. — Wasteney’s 
and Borsook’s (1924) method was followed in this investigation for the quantitative 
estimations of these fractions. Briefly the method was as follows : — 

The protein was precipitated by the addition of 10 per cent trichlor-acetic acid. 
The final concentration of this reagent did not exceed 2 per cent. Proteoses 
were precipitated from the above filtrate at 33°C. by the addition of excess of 
anhydrous sodium sulphate. Peptones were estimated from the sodium-sulphate 
filtrate by precipitation with tannic acid. • The nitrogenous material remaining in 
the filtrate from the tannic acid precipitate, consisted of sub-peptones, ainino- 
acids, and amides. Proteins, proteoses, peptones, and residual nitrogen were all 
estimated by their total nitrogen content, obtained by difference before and after 
filtration. 



3. iBose. 


69 


Table III. 


Broth. 

Total nitrogen, 
mg. per 

100 c.c. 

Percentage 
of protein 
nitrogen. 

f Percentage 

1 of papain 
nitrogen. 

Percentage 
of proteose 
nitrogen. 

Percentage 
of peptone 
nitrogen. 

Percentage 
of residual 
nitrogen. 

0 hour 

92-4 

i 

43-8 

5-4 

34*8 

18-2 

: 3*2 

1 

^ >> * * 

201*4 

2S*2 

12*2 

41*8 

24-8 

5*2 

i .. 

422‘S 

9-9 

7*8 

62*3 

20-7 

7*1 

2 hours 

587*7 

6'4 

7*6 

48*7 

CO 

7\5 

3 „ .. I 

588 

7-0 

7*6 

44*2 

38*6 | 

10*2 

4 „ .. 

588 

7*0 

, 

7*6 

i 

40*3 

40*8 

11*9 

0 „ 

588 

6-5 j 

7*6 

40*0 

41*6 

11*9 

6 „ 

590 

GO 

<b 

7*6 

39*0 

42*4 

11*8 


The percentage content of protein nitrogen, proteose nitrogen, peptone nitrogen, 
and residual nitrogen, at different periods of digestion are recorded in Table III. A 
control experiment with papain only was also performed and the percentages of 
papain nitrogen at different stages are given in the same table. The papain-protein 
content could not be estimated owing to the auto-digestion of papain. It will be 
seen from the table that the percentage of protein nitrogen of mutton decreases as 
the digestion progresses and comes to a low but constant figure at the end of 2 hours. 
This amount of protein nitrogen from the second hour onwards is fully accounted 
for by the amount of papain nitrogen contained at those periods. It will be noticed 
that the papain-nitrogen figures from the second hour onward are slightly in excess 
of that of protein nitrogen of mutton at those periods. This is probably due to 
the presence of non-protein nitrogenous matter contained in papain. The trans- 
formation of mutton protein is therefore complete at the end of 2 hours. In the 
course of the examination the phenomenon of sudden digestion by papain acting 
on animal tissues was noticed. In samples examined immediately on preparation 
of papain- mutton mixtures it was found that 50 per cent of the nitrogen were protein 
split products. This phenomenon of sudden digestion by papain has not been 
noted in the case of the action of other enzymes and has been reported by Pozerski 
(1909). He found that 30 per cent of albumin w r as digested when papain had been 
left one minute in direct contact with the albumin at 18°C. and then rapidly brought 
to 100°C. to destroy the enzyme activity. He stated that the duration of heating 
which had been from 10 to 20 seconds was quite sufficient to bring about this re- 
markable effect. In this present investigation the immediate digestion of mutton 
did not occur as long as the temperature was low because the hydrolysis with papain 
begins in the neighbourhood of 50°C. The digestion, on the contrary, took place 
suddenly between 60°C. and 90°C. during 1 or 2 minutes in sterilization with a view 
to killing the enzyme for the purpose of analysis at that stage. With regard to the 
proteose-nitrogen content, it will be noticed that the percentage of proteose nitrogen 
increased as the digestion progressed and reached its maximum at the end of 
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1 hour. From 1 hour onwards the proteose-nitrogen content decreased. The 
percentage of peptone nitrogen, on the other hand, increased all throughout the 
course of digestion. The percentage of residual nitrogen increased with the diges- 
tion and remained constant from the fourth hour onwards. The tests for trypto- 
phane and tyrosine were found to be negative, hence this residual nitrogen fraction 
represents only the sub-peptones and amides. 

We have seen that as estimated by formol titration, oxidizable matter, and 
total nitrogen content, a constant figure is obtained at the end of 2 hours of digestion. 
This is also the period when the transformation of protein is complete. The only 
change that takes place after 2 hours is the slow transformation of proteose to pep- 
tone. The formol titration method was, however, unable to detect such slow change 
during 2 to 6 hours of digestion. 

Growth op Vibrio cholera. 

Nutrient agar, prepared from papain digests at different periods by the addition 
of 0'5 per cent sodium chloride and 4 per cent agar, was placed in roll bottles and 
sterilized. The bottles were then sown with a heavy inoculum of V. cholera. 
The bottles were incubated for 24 hours and the growth w r as thoroughly washed 
off with normal saline. The yield of cholera vibrios was then estimated by Brown’s 
opacity tubes and the results are given in Table IV. It will be noticed that the 
yield was at its maximum in digests at 2 hours and did not increase when digests 
of longer period were used. This corresponds with the results of chemical analysis. 


Table IV. 


Nutrient agar. 

Yield of cholera 
vibrio per c.c. 

0 hou^ 

32,780 X 10° 

i >> 

49,170 X 10° 

i „ 

57,360 X 10° 

2 hours 

65,550 X 10° 

3 „ 

65,550 X 10° 

4 „ 

65,550 X 10° 

5 „ 

65,550 X 10° 

6 „ 

65,550 X 10° 


Summary. 

The period of digestion of 300 g. of mutton mince with o grammes of powdered 
papain as estimated by formol titration, oxidizable matter content, and total 
nitrogen content, has been found to be complete after 2 hours at 60°C. With half 
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the quantity of papain the digestion was delayed by 1 hour. Of the above 
three estimations used to follow the course of digestion, the formol titration has 
been found to be the simplest. The transformation of protein has been found to 
be complete after 2 hours of digestion. The only change that took place after 
that period was the slow transformation of proteose to peptone. The growth of 
the cholera vibrio on papain-mutton agar at different stages of digestion showed 
that the maximum growth was obtained after 2 hours of digestion which was 
also the period of complete digestion as determined by chemical analysis. 
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Tn view of the value of mannose, which is an expensive sugar, as a carbohy- 
drate for use in classification of vibrios by fermentation methods and the extensive 
use which has been made in this Institute in differential isolation of vibrio types 
{vide Read, 1939), the preparation of an unpurified solution has been undertaken, 
as a matter of economy. Eor the purpose, ivory-nut shavings which contain a 
high percentage of mannose have been used. A supply of these, which have little 
commercial value and are the waste products of button manufacture, was obtained 
from the Rochester Button Co., Rochester, New York, and the method of extrac- 
tion employed was that described by Horton (1921) and by Clark (1922). The 
preparation of this product from ivory-nut shavings was carried out as follows 

Two hundred grammes of ivory-nut shavings were added to two litres of boiling 
1 per cent sodium hydroxide solution. The mixture was at once removed from the 
source of heat and stirred frequently during half an hour. The extract was filtered 
off and the residue washed with tap water until the filtrate was clear and neutral. 
The extracted residue was then dried in a water-jacketed oven at a temperature 
below 60°C. The dried extracted meal thus prepared was thoroughly mixed with 
110 c.c. of cold, 65 per cent by weight, sulphuric acid and allowed to stand overnight. 
This mass was taken up with 1,200 c.c. of distilled water and boiled under a reflux 
condenser on a sand-bath for two and a half hours. The hot liquid was neutralized 
by adding slightly less than the calculated amount of powdered barium hydroxide. 
The neutralization was finally completed with powdered barium carbonate and the 
solution at once filtered. The filtrate contained a little barium because of the 
solubility of barium carbonate and also because of the combination of barium with 
organic acids. The excess of barium was removed by adding carefully dilute sul- 
phuric acid until no further precipitate of barium sulphate was formed. The barium 
sulphate was filtered off. The filtrate obtained was light yellow in colour. Mannose 
was then directly estimated in an aliquot of this final filtrate by the formation of 
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mannose plienylhydrazone. The weight of the dried phenylhydrazone multiplied 
by the factor 0666 gave the weight of mannose. The percentage of mannose in 
the solution was found to be 8'50. 

Three pounds (i.e., 1,36077 g.) of ivory-nut shavings altogether were treated 
in the above way and the amount of mannose in the final product w r as found to be 
620'0 g. The yield of mannose was, therefore, 45'56 per cent. 

The cost of production from the shavings supplied free was that of a small 
amount of caustic soda, some sulphuric acid and barium hydroxide, and carbonate, 
a total approximating Es. 3. 

The fermentation of the unpurified product was tested with known mannose- 
fermenting and mannose-non-fermenting vibrios and the results conformed with 
those obtained when the pure carbohydrate was employed. In the method of 
differential isolation described by Read (foe. cit.) the substitution of the unpurified 
product for the pure sugar gave equal results. 

Summary. 

The application of a recognized method for the preparation of an unpurified 
solution of mannose from vegetable ivory-nut shavings has been found to yield a 
cheap product which can be substituted for the use of pure mannose in bacteriological 
work in connection with vibrios. 


REFERENCES. 

. . Jour . Biol. Chem.y 51 , p. 1. 

. . Jour, hid . Eng. Chem., 13 , p. 1040. 
. . Ind. Jour. Med. Res., 26 , 4, p. 851. 


Clark, E. P. (1922) 
Horton, P. M. (1921) .. 

Read, W. D. B. (1939) 



Inch Jour. Mecl. Res., 27, 1, July, 1939. 


THE NUTRITIONAL REQUIREMENTS OE THE PLAGUE 

BACILLUS. 

BY 

M. SADASHIYA RAO, 

Lady Tata Memorial Scholar. 

{From the HqffJcine Institute , Par el, Bombay.) 

[Received for publication, January 14, 1939.] 

Introduction. 

The study of the nutritional requirements of bacteria lias a twofold importance. 
Firstly, it throws light on the more obscure synthetic or growth phases of bacterial 
metabolism, and secondly, it offers the only sound basis possible for designing special 
nutritionally complete media. As an example of the latter may be cited a protein- 
free ‘ synthetic ’ or chemically defined medium which possesses considerable advant- 
ages over the more complex laboratory media for the isolation of antigens or toxins 
from cultures of pathogenic bacteria. In the present paper the nutritional require- 
ments of the plague bacillus, Pasteur ella pestis, are described with the hope that it will 
not only serve the needs of those engaged in immunological or bacteriological work 
but will also serve as a starting point for the further study of its metabolism. 

Recent investigations in bacterial nutrition, and particularly those of Fildes 
and his co-workers, have helped to co-ordinate the divergent observations 
recorded previously. Since the present work is on identical lines the special 
technique as well as the generalizations developed by these workers are briefly 
summarized here. The literature on the subject has been reviewed by Knight 
(1936). He presents all the types of bacterial nutrition as an evolutionary series. 
Thus, the autotrophs which possess a pronounced ability for assimilating CO 2 , 
are on a lower level than the heterotrophs which are dependent on ready 
elaborated 'carbon compounds. The powers of assimilating nitrogen provide 
a series of greater significance. The most primitive types synthesize all their 
body proteins out of inorganic source of nitrogen (No, NH 3 or NO 3 ). At a 
higher level amino-acids are necessary, in particular amino-acids of complex 
structure such as tryptophane. Finally, at the highest level, wherein belong 
most pathogens, not only are a series of different amino-acids necessary, 
but also certain accessory growth factors or ‘ bacterial vitamins ’ (Kogl et al., 
1937 ; Lwoff, 1938). Knight draws the important conclusion that an increase 
in nutritional complexity is equivalent to a decrease through loss of synthe- 
tic powers, and is in general correlated with parasitism. From this emerges the 
definition of a growth factor, viz., a chemical molecule of a definite configuration 
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which a given micro-organism is incapable of synthesizing for itself out of simpler 
compounds, and in the absence of which growth and multiplication are impossible. 
It is convenient to exclude inorganic elements, Fe, Mg, Cu, etc., from this definition, 
but include only amino-acids and accessory factors. The investigation of nutrition, 
therefore, amounts to the determination, under conditions rigorously excluding the 
presence of all other unknown compounds, the smallest number of growth factors 
required to maintain growth. With bacteria of complex nutrition the most direct 
method, as was first employed by Knight and Fildes (1933), is to employ a basal 
deficient medium of known chemical composition, such as hydrolysed gelatin, and 
test its growth supporting ability after adding other amino-acids and accessory 
factors in the shape of fractions from natural sources. The conclusions indicated 
are confirmed by using synthetic amino-acids and purified or synthetic accessory 
factors. The detailed procedure is described by Fildes and Richardson (1935, 1937), 
Gladstone (1937), Knight (1937a, b), and Richardson (1936). Similar work has 
been done by Mueller on the diphtheria bacillus (Mueller, Klise, Porter and Graybiel, 
1933, and later papers). 

In the present study of the nutritional requirements of the plague bacillus 
attention has been directed towards answering the following fundamental 
questions : — 

1. Can the plague bacillus be grown in a simple chemically defined medium 1 

.2. What are the accessory factors involved in its nutrition ? 

3. Are there significant nutritional differences between the different strains, 

and between the virulent and the avirulent strains \ 

4. What are the amino-acids indispensable as growth factors ? 

Technique. 

Bacterial strains. — The following plague strains, from the collection at this 
Institute, were used in the nutrition experiments : — 

Virulent strains : 36H, 37H, 38B, 39P>, 120/5H, and I. 

Avirvlent strains : 120/5H, I, P, and Q. 

The routine method of maintaining the virulent strains (Sokhev, 1935, 1936) 
throws light on their nutritional history. From the primary culture . from the 
patient’s blood (from septicsemic cases of recent epidemics) after testing for purity, 
a large number of sub-cultures had been made on rabbit-blood agar in test-tubes, 
which were then sealed and stored at 4°C. ± 2. The virulence was fully maintained 
and was being controlled in connection with other investigations. There was little 
chance, therefore, for nutritional adaptation to have occurred after isolation. The 
avirulent strains had been developed from the virulent ones of identical names in 
the course of other work (Sokhev, 1936 ; Sokhey and Maurice, 1937) by repeated 
sub-culturing, and had been similarly stored. The avirulent strains, therefore, 
had a chance of undergoing considerable adaptation in nutrition. 

The basal medium. — Hydrolysed gelatin was prepared according to the method 
of Kni ght and Fildes (he. cit.) from Merck’s Gold Label brand gelatin, and used in 
0'5 per cent concentration (containing about 0‘9 mg. total N per c.c.) as the basal 
medium in experiments described under Section I below. In experiments detailed 
under Section II, the basal medium, after adding cystine, was adjusted to contain 
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2‘3 mg. total N per c.c. corresponding to that of the acid-digest broth used in this 
Laboratory for growing the organism. 

Sources of accessory factors . — To answer the question whether accessory factors 
were involved in nutrition, the following natural sources likely to be rich in such 

factors were used in 1 X KT 4 concentration : (1) Marmite (autolysed yeast), (2) 

meat extract, (3) mare’s urine, and (4) heated rabbit blood. Further fractionation 
of these was not found necessary since, as will be shown below, they supplied no 
accessory factors whatever for the growth of the plague bacillus. 

Amino-acids . — The results obtained with hydrolysed gelatin were confirmed 
and extended by using media made with pure amino-acids (Sections III, IY, and 
V). The special precautions to be taken in such experiments to secure entirely 
reliable results have been stressed by Fildes and Richardson (1935). Only synthetic 
amino-acids must be used to obviate interference from traces of other amino-acids 
which are likely to be present as impurities in natural amino-acids. The effective 
concentrations of these compounds in bacterial nutrition have been found to have 

magnitudes extremely small to be detected by chemical tests, for example 10 -5 M. 

to 10~ G hi. arginine in the growth of Clostridium sporogenes ( loc . cit.). In fact con- 
trolled bacterial growth tests appear to be the most sensitive for such compounds. 
Accessory factors act as a rule at even lower concentrations, for example, phos- 

Q 

phopyridine nucleotides are active at a concentration of 6 X 10 in the growth of 
Hcemophilus influemce according to Lwoff and Lwoff (1937). The difficulty is best 
overcome by using synthetic amino-acids as far as possible, and by conducting the 
tests at low ranges of concentrations where interference from impurities is reduced 
to a minimum. In the experiments described in the present paper the following 
synthetic amino-acids were employed : <ZZ-alanine, (ZZ-leucine, cZZ-proline, dZ-phenyl- 
alanine, cZZ-eystine (Scliuchardt), and glycine (Merck). Owing to the fact that 
corresponding synthetic compounds were not available d-lysine 2HC1 and 
rZ-arginine (Schuchardt) from natural sources were used. Natural Z-cystine and 
Z-tryptophane (Merck) were also employed in the experiments under Section I. The 
concentrations of the amino-acids in the media used are given in Table II, and have 
been calculated for one isomer only in the case of racemic acids. 

Inorganic requirements. — Inorganic needs were supplied by adding to all the 
media a salt and buffer mixture. This consisted of a M/15 phosphate buffer at 
pH 7'0, with the addition of sodium citrate (cryst) 4'0 g. and magnesium sulphate 
(dry) 0*5 g. per litre. 

Preparation of media.— Growth tests were conducted in thick- walled hard 
glass test-tubes of uniform diameters, which were cleaned first with concentrated 
chromic-sulphuric acid mixture. Into each test-tube were added 5 c.c. salt and 
buffer mixture, the other constituents and distilled water being then added to make 
up to 10 c.c. final volume. It was found more convenient to mix the constituents 
before sterilization, though the alternate method of mixing after sterilizing the 
constituents in bulk gave identical results. Sterilization of all media w r as done 
under steam at 128°C. for 20 minutes. 

Inoculation. — In order that growth factors or other unknowm compounds 
should^ not be introduced into the medium with the inoculum, thoroughly washed 
bacterial cells only were used. Preliminary experiments showed that an inoculum 
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of washed plague bacilli must be of a sufficiently large size before it can grow in 
nutrient brotb. Thus, three inocula of 7 X 10 r ’, 7 X 10 4 , and 7 X 10 :i numbers of 
washed bacteria were sown into three test-tubes of 10 c.c. broth respectively. The 
first tube gave visible growth in 24 hours and the second in 48 hours, while in the 
third the inoculum failed to grow. The cause of the failure must be sought among 
factors of the experiment other than growth factors, possibly in oxidation-reduction 
potentials. The difficulty was, however, easily overcome by using fairly large 
inocula of bacterial suspensions which had been thoroughly washed on the centrifuge 
to remove all possible traces of adhering metabolities. The procedure was as follows : 
The sealed stock sub-culture was opened and a colony or two of bacteria were emulsi- 
fied into 10 c.c. of acid-digest broth in a test-tube, which was then incubated for 
48 hours at 27°C. The broth culture was then planted on agar slopes (acid-digest 
broth) and grown for another 48 hours at the same temperature. Bacteria which 
are grown at a higher temperature, for example 37°C., cannot be centrifuged satis- 
factorily. The growth was washed out in sterile saline without scraping the surface 
and the suspension was centrifuged at 5,000 r.p.m. for 10 minutes. The supernatant 
fluid was then poured off and fresh saline introduced and the bacteria thoroughly 
stirred up with a fresh pipette. The washing and centrifuging were repeated five 
times, with precautions against atmospheric contamination at each stage. Tim 
suspension was finally adjusted to an opacity No. 1 on Brown’s scale and exactly 
0‘2 c.c. was inoculated into each experimental • media tube. This inoculum, while 
large enough to give successful growth in 24 to 48 hours, did not confer detectable 
turbidity to the medium. 

Growth observations . — The tubes were incubated at the optimum temperature 
for growth, 27°C. (Sokhey, 1937), and were examined at intervals of 24 hours. The 
turbidity due to growth was noted and recorded with the following set of relative 
values : — 

0 = no growth, the medium remains crystal clear, 
tr. = traces of growth. 

-j- = distinct growth. 

H — (- = growth corresponding to opacity No. 1. 

Since the crucial test with any medium is whether it supports the growth of 
the bacillus or not, quantitative estimation of growth is not necessary. According 
to the usual criteria, the entire absence of growth was taken to indicate the absence 
of one or more growth factors, while its appearance in 24 to 48 hours indicated the 
presence of all the growth factors. Delayed growth was taken to mean- the absence 
of an important, but not indispensable, factor. As a final proof that the organism 
found growing was the bacillus under experiment and not a contaminant, routine 
diagnostic fermentation tests and other purity tests were made with tubes taken 
at random at the close of each experiment.. In no case was any organism other 
than the plague bacillus found. 

Experimental results. 

I. A preliminary survey . — The experiments of this series were planned to 
obtain a general idea of the amino-acids involved in the nutrition of the plague 
bacillus and the sources in which' accessory growth factors, if any, occur. Hydro- 
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lysed gelatin (0'5 per cent) was taken as the basal medium, and its growth-promoting 
ability was tested alone as well after the addition of cystine, tryptophane, marmite, 
meat extract, blood, and urine (see Table I). 


Table I. 

A preliminary survey of nutrition. 

Each test-tube contained 5 c.c. of salt and buffer mixture ; 1 c.c. of hydrolysed 
gelatin (0'5 per cent) ; 0‘2 c.c. of OT per cent Z-tryptophane or Z-cystine ; and 1 c.c. 
of extracts of Marmite or meat or urine or blood, each in a final concentration of 

1 X lCf 4 . Total volume 10 c.c. See text for the meaning of signs. 


Serial 

number. 

Medium. 

Growth ih 

24 hours. 

48 hours. 

120 hours. 

1 

Hydrolysed gelatin . . 

0 

0 

tr. 

2 

» 

+ cystine 

+ 

++ 

+++ 

3 

if 

+ tryptophane 

0 

0 

tr. 

4 

if 

+ c j^stine + Marmite 

+ 

++ 

+++ 

5 

a 

+ 4* meat extract . . 

+ 

++ 

+ + + 

6 

if 

+ „ + mare’s urine 

+ 

++ 

+++ 

7 

a 

+ » + rabbit blood 

+ 

++ 

+++ 


The results recorded in Table I were obtained with all the strains tested, with 
one exception. Hydrolysed gelatin alone did not support growth, while full growth 
was obtained by adding cystine to it. Tryptophane could not replace cystine. 
Adding any of the natural sources did not stimulate the growth beyond that given 
by hydrolysed gelatin -j- cystine. The exceptional strain was I (virulent) which 
grew well in the absence of cystine ; which fact was also confirmed in later experi- 
ments. These experiments indicate that the nutritional requirements of the plague 
bacillus are met entirely by the amino-acids of gelatin, with the single addition of 
cystine from outside. Further, they suggest that accessory growth factors are not 
involved in the nutrition of the organism. 

II. Hydrolysed gelatin as a suitable 1 synthetic ’ medium . — The sufficiency of 
hydrolysed gelatin -f- cystine for the growth of the bacillus, as shown in the above 
experiments, suggests that it can be used as a chemically defined or ‘ synthetic ’ 
medium for routine or research purposes. It is free from protein or forms of nitrogen 
precipitable with the usual protein precipitants. Growth tests were, therefore, 
made with all the strains on hydrolysed gelatin with or without cystine. The total 
N content of the medium was kept at 2 '3 mg. per c.c. to conform with that of other 
laboratory media used for growing the organism. Without the addition of cystine 
there were found traces of growth with all the strains, but strain I (virulent) grew 
profusely as expected. The traces of growth noted are undoubtedly due to traces 
of mercapto compounds present in the gelatin used. All strains, however, grew 
luxuriantly when supplied with cystine. A few bacterial counts that were made 
showed that in comparison with acid-digest and peptone broths about the same 
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number of bacteria were produced by this medium in 48 hours froin an equal size 
of inoculum. When incorporated with agar the medium produced much less growth, 
as estimated by the dry weight of the bacteria, than the other media in an equal 
period. 

III. Growth in an amino-acid mixture. — The results obtained with hydrolysed 
gelatin are valid only if they can be repeatedly confirmed in more rigorous experi- 
ments with pure amino-acids. The amino-acids occurring in gelatin are : glycine, 
alanine, leucine, serine, phenylalanine, tyrosine, proline, hydroxvproline, aspartic 
acid, glutamic acid, histidine, arginine, and lysine (Dakin, 1920). Out of these, 
it was found that a mixture of seven amino-acids selected arbitrarily, with the 
further addition of cystine, supported fully the growth of all the strains used. 
The amino-acids are : (1 ) dl-alanine, (2) dl-leucine, (3) glycine, (4) di-proline, 
(5) dl-phenylalanine, (6) d-lysine, (7) d-arginine, and (8) di-cystine. The concen- 
trations of the amino-acids are given in Table II : — 

Table II. 

A pure amino-acid medium for the cultivation oj the plague hacilhis. 

The concentrations given refer to one isomer. Half the volume is made up of 
salt and buffer mixture. 


Serial 

number. 

Amino -acid. 

Origin. 

Molar concentration 

1 

dl- alanine 

Synthetic 

6-7 X 10“ 4 M. 

2 

c/Meucine 

>> 

C-7 X 10 -4 M. 

3 

glycine 

97 

C-7 x KT 4 M. 

4 

(77-proline 

79 

2-5 x 10 -4 M. 

5 

(//-phenylalanine . . 

99 

2-5 X 10 -4 M. 

6 

d-lysine 2HC1 

Natural 

2-5 x Mf 4 M. 

7 

d-arginine 

99 

2-5 x 10 -4 M. 

8 

(//-cystine 

Synthetic 

6-7 x 10 -4 M. 


i 


Out of the eight amino-acids, arginine and lysine only are from natural sources, 
the rest being synthetic. However, from the next series of experiments it can be 
seen that both of these are non-essential and could be omitted from the mixture 
without effecting the growth. The ability of the plague bacillus to grow in this 
amino-acid mixture, therefore, confirms beyond doubt that accessory growth 
factors are not involved in the nutrition. 

IY. The essential amino-aculs. — The next series of experiments were directed 
towards finding out w 7 hich amino-acid, when omitted singly from the complete 
mixture of eight amino-acids given in Table II, determined whether the medium 
supported the growth of the bacillus or not. Data on six of the strains used are 
given in Table III, the results of the other strains being similar. It was found that 
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cystine 



Strain 120/5H (virulent). Strain 120/5H (avirulent). 
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Note * — See the text for the meaning and significance of the signs used in this and succeeding tables. 
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the requirements of all the strains, whether virulent or avirulent, are very uniform. 
The omission of proline or phenylalanine or cystine gives no growth whatever. 
These three amino-acids must be, therefore, considered indispensable for growth. 
Glycine is important since in its absence growth is delayed. The omission of any 
of the other amino-acids has no effect on growth, and these are, therefore, 
unessential. Cystine is not necessary for strain I (virulent) in confirmation 
with the previous observation. 

Y. The interaction of amino-acids. — In the above experiment the importance 
of each amino-acid has been evaluated by omitting it singly from the full amino- 
acid mixture. Such a procedure does not indicate how far the role of an amino- 
acid is dependent on the others, i.e., how far the amino-acids interact in the growth 
process. The determination of such interaction (or interdependence) is best done 
by omitting 2, 3, or more amino-acids in all possible combinations from the 
complete mixture. This was done according to the factorial design of experiment 
as given by Fisher (1935). For limiting the scope of the experiment it was 
assumed that interactions involving more than three amino-acids were unimportant 
experimentally. The results of an experiment with 120/5H (virulent) strain for 
the determination of 2-factor interaction are given in Table IV, and for 3-factor 
interaction in Table V : — 


Table IV. 


Determination of the interaction of two amino-acids. 


• 

Straix 120/5H (virulent). 

24 hours. 

48 hours. 

72 hours. 

96 hours. 

1. 

With all 8 amino- acids . . . . K 

+ 

++ 

++ 

++ 

2. 

Lacking 

alanine 

*+ leucine 

+ 

++ 

++ 

++ 

3. 

»> 

alanine 

+ glycine 

tr. 

+ 

++ 

++ 

4. 

>7 

alanine 

+ proline 

0 

0 

0 

0 

5. 

»» 

alanine 

+ phenylalanine . . 

0 

0 

0 

0 

G. 

99 

alanine 

+ lysine 

+ 

++ 

++ 

+ + 

7. 

99 

alanine 

+ arginine 

- + 

++ 

++ 

+ + 

8. 

97 

alanine 

+ cystine 

0 

0 

0 

0 

9. 

99 

leucine 

+ glycine 

tr. 

+ 

+ + 

++ 

10. 

99 

leucine 

+ proline 

0 

0 

0 

0 

11. 

99 

leucine 

+ phenylalanine . . 

0 

0 

0 

0 

12. 

99 

leucine 

+ lysine 

+ 

H b 

+ + 

+ + 
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Table TV—concld. 


Strain 120/5H (virulent). 



24 hours. 

48 hours. 

72 hours. 

96 hours. 

13. 

Lacking 

leucine 

+ arginine 

+ 

++ 

• 

+ + 

++ 

14. 

?> 

leucine 

-f- cystine 

0 

0 

0 

0 

15, 

?> 

glycine 

+ proline 

0 

0 

0 

0 

16. 

>? 

glycine 

+ phenylalanine . . 

0 

0 

0 

0 

17. 

55 

glycine 

+ lysine 

tr. 

! 

+ 

++ 

+ + 

18. 

55 

glycine 

+ arginine 

j 

tr. 

+ 

++ 

++ 

1 

1 

19. 

55 

glycine 

i 

+ cystine . . i 

0 

0 

0 

0 

20. 

55 

proline 

+ phenylalanine . . 

0 

1 

0 

0 

0 

21. 

55 

proline 

+ lysine 

0 

0 

0 

0 

22. 

55 

proline 

+ arginine 

0 

0 

0 

0 

23. 

55 

proline 

+ cystine 

0 

0 

0 

0 

24. 

55 

phenylalanine + lysine 

0 

0 

0 

0 

25. 

55 

plienj^l alanine + arginine . . 

0 

0 

0 

0 

26. 

55 

phenylalanine + cystine . . 

0 

0 

0 

0 

27. 

55 

lysine + arginine 

+ 

++ 

++ 

++ 

28. 

55 

lysine + cystine 

0 

0 

0 

0 

29. 

55 

arginine + cystine 

0 

0 

0 

0 
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Table V. 

Determination oj the interaction oj three amino-acids. 


Strain 120/5H (virulent). 



24 hours. 

48 hours. 

72 hours. 

96 hours. 

1. 

With all 8 amiip- acids 

+ 

++ 

++ 

i 

+ + 

2. 

Lacking 

alanine + leucine + glycine 

tr. 

+ 

++ 

++ 

3. 

>> 

alanine + glycine + proline 

0 

0 

0 

0 

4. 


alanine + proline + phenylalanine 

0 

0 

0 

0 

5. 

it 

alanine + phenylalanine + lysine . . 

0 

0 

0 

0 

6. 

a 

alanine + lysine + arginine 

+ 

+ + 

++ 

++ 

7. 

a 

alanine + arginine + cystine 

0 

0 

0 

0 

8. 

it 

leucine + glycine + proline 

0 

0 

0 

0 

9. 

a 

leucine + proline + phenylalanine 

0 

0 

0 

0 

10. 

a 

leucine + phenylalanine + lysine . . 

0 

0 

0 

0 

11. 

a 

leucine + lysine + arginine 

+ 

++ 

++ 

++ 

12. 

a 

leucine + arginine + cystine 

0 

0 

0 

0 

13. 

a 

glycine -f- proline + phenylalanine 

0 

0 

0 

0 

14. 

it 

glycine + phenylalanine + lysine . . 

0 

0 

0 

0 

15. 

a 

glycine + lysine + arginine 

tr. 

+ 

++ 

1 + + 

16. 

a 

i 

glycine + arginine + cystine 

0 

0 

0 

0 

17, 

a 

proline + phenylalanine + lysine . . 

0 

0 

0 

0 

18. 

a 

proline + lysine + arginine 

0 

0 

0 

0 

19. 

a 

proline + arginine cystine 

0 

0 

0 

0 

20. 

ti 

phenylalanine + lysine + arginine . . 

0 

0 

0 

0 

21. 

a 

phenylalanine + arginine + cystine 

0 

0 

0 

0 

22. 

a 

lysine -h arginine + cystine 

0 

0 

0 

0 


Taking the results from Tables III, IY, and Y, the following conclusions can 
be drawn : — 

1. The omission of the three essential amino-acids, proline, phenylalanine, 
and cystine, in whatever combination, gives no growth. Each is 
independently capable of withholding growth, but all are together 
required to allow growth to take place. 
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2. Glyciue is in a special category, since its omission irrespective of the 

presence or absence of other non-essential amino-acids always delays 
growth. 

3. Alanine, leucine, lysine, and arginine are non-essential in any combi- 

nation. 


Discussion. 

The nutritional requirements of the plague bacillus are characterized by the 
complete absence of dependence on accessory growth factors. This is a remarkable 
fact in a purely parasitic bacterium that combines high, virulence with extreme 
invasiveness. Most of the pathogenic forms investigated so far are dependent 
on some distinctive accessory factors : for example, nicotinic acid, aneurin, and 
uracil in Staphylococcus (Knight, 1937c/, b ; Richardson, loc. cit .) ; phosphopyridine 
nucleotides in Haemophilus influenzas (Lwoff and Lwoff, loc. cit.) and pimelic acid, 
nicotinic acid, and /3-alanine for the diphtheria bacillus (Mueller, 1937a., b ; Mueller 
and Cohen, 1937).* Nutritional complexity is, however, still revealed by the fact 
that three different amino-acids are fully indispensable. Of these, the function of 
cystine is clearly to supply organic sulphur as the mercapto (— SH) group. The 
observation that one strain does not require it may indicate the possibility of adapta- 
tion towards simpler sulphur requirements. Proline, which is indispensable for 
all strains, has a pyrrole ring — 


CHg CH^ 



When it is considered that the blood pigments are constituted of pyrrole 
nuclei, the very profuse growth of the plague bacillus obtainable on blood agar may 
possibly have a nutritional basis. The third essential amino-acid is phenylalanine 
containing an aromatic ring — 


- ch 2 ch(nh 2 )cooh 


* Subsequent manometric experiments with washed suspensions of plague bacilli show that 
diphosphopyridine nucleotide (cozymase), flavin, etc., though unessential for growth, function as 
respiratory catatysts, in agreement with the current view that the role of several accessory factors 
is that of hydrogen-carriers in the oxidation systems of the bacterial cell. 
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According to the accepted theory, therefore, the synthetic powers of the plague 
bacillus do not extend to the mercapto ( — SH) group, the pyrrole and the 
aromatic rings. Since these form essential structural units in proteins, they must 
be provided in the medium so as to enable the bacilli to assimilate them and grow. 
On the other hand the bacillus possesses the power of synthesizing the non-essential 
amino-acids, all of which have relatively simpler structures. Thus the two 
basic amino-acids, lysine and arginine, are fully dispensable as well as the 
two simple mono-amino-acids, alanine a,nd leucine. Glycine, notwithstanding its 
very simple structure, has an important role in growth. 

The metabolic reactions through which the indispensable molecular structures 
are assimilated in toto by the bacillus are of considerable theoretical interest, since 
there is little insight into such reactions at the present time. The interactions of 
amino-acids studied in this paper throw some light on the process. They show that 
the three essential amino-acids function interdependently. Further experiments on 
this aspect of metabolism are in progress. 

There is little variation as regards nutrition between different strains and in 
particular between the virulent and the avirulent strains. A metabolic correlation 
with virulence, if any, in this bacillus, must be sought elsewhere than in amino-acid 
requirements. 

The application of these facts to bacteriological practice can be briefly indicated. 
Two different chemically defined media are directly provided by the experiments : 
(1) hydrolysed gelatin + cystine and (2) proline -j- phenylalanine -f- cystine + 
glycine, which can be further enriched with non-essential amino-acids. The main 
facts of nutrition discovered, however, enable one to design media ad infinitum. 
In genera], hydrolysates of simple proteins (such as gelatin "or casein) in which the 
presence of essential amino-acids is ensured will prove to be the most useful. As a 
recent example of the special use to which such media can be put may be quoted 
the work of Pappenheimer (1937) who has isolated pure toxin produced by the 
diphtheria bacillus using a simple gelatin hydrolysate medium. 


Summary. 

1. The nutritional requirements of several strains of plague bacilli have been 
studied with reference to amino-acids and accessory growth factors. 

2. Three amino-acids, proline, phenylalanine, and cystine, are indispensable, 
and must be present in the medium before growth can proceed, while the presence 
of glycine, while not essential, is stimulatory. 

3. Accessory growth factors (or bacterial vitamins) have no essential r61e in 
the nutrition of the plague bacillus. 

4. The different virulent strains of the plague bacillus, obtained from different 
plague cases during epidemics, as well as the fully avirulent strains derivable 
from them by repeated culturing, have more or less identical nutritional 
requirements. 

5. The preparation and utility of chemically defined protein-free media, such 
as hydrolysed gelatin -f- cystine, and of similar others that can be designed with the 
help of the above facts of nutrition, are emphasized. 
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The infectious nature of Molluscum contagiosum was first demonstrated by 
Paterson in 1841 ; this was confirmed by Retzius in 1871, Vidal in 1878, Stelwagon 
in 1895, and others. In 1841, Henderson and Paterson described large oval hyaline 
structures in the superficial layers of epithelial nodules which were regarded as 
specific parasites and these well-defined structures have since been called molluscum 
bodies. Neisser considered these structures to be protozoa and similar to coccidia. 
In opposition to the parasitic view Hausemann, MacOallum, Unna, Benda, and 
others held that they represent a peculiar kind of cellular degeneration. 

The later view of van Prowazek, Lipschutz and Hartmann is that they arise 
as the result of a specific reaction on the part of epithelial cells to the invasion of a 
virus. 

In 1911 Lipschutz stated that the minute granular bodies, which appear in 
the intra-cellular vacuoles of the molluscum bodies, are the actual parasites of the 
disease and were named by him Strongyloplasma hominis. 

More recently, Goodpasture and King (1927) suggested that the hyaline oval 
masses which constitute the molluscum bodies of Henderson are formed by a 
coalescence of the masses of intra-cellular granules and other intra-cytoplasmic 
material. This is brought about by desiccation, as the cells are forced outward 
They are not formed, in his opinion, by an abnormal keratinization, as suggested bv 
Lipschutz. They further consider that the minute bodies, the elementary bodies 
of Lipschutz, are not derived from extruded nucleoli, nor from anv formed 
cytoplasmic constituent, but are morphologically consistent with a livirm filfp,- 
passing virus. G ’ ie1 ' 

( 91 ) 
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Molluscum contagiosum and its Virus. 


The description of Goodpasture and King corresponds very closely with the 
account of the development of ihe virus inclusions in fowl-pox given by Ludford 
and Findlay in 1926. The virus was first shown to be filtrable by Juliusberg in 
1905. He showed that the virus could pass through a Chamberland filter by success- 
fully inoculating a human being with the filtrate. This was the first demonstration 
of a filtrable virus in connection with any human dermatosis. Findlay finds that 
it can pass through Berkefeld 5 and Chamberland Li filters. More recently, Wile 
and Kingery (1919) have shown filtrability of the virus through the finest Berkefeld 
filters. 

Brain (1933) by means of the complement-fixation reaction and using suspen- 
sions of elementary corpuscles from curetted molluscum nodules, has demonstrated 
the presence of antibodies in the serum of a patient with multiple lesions. 

At the present time, therefore, Molluscum contagiosum may be regarded as a 
typical example of a virus disease. The infective agent is readily filtrable, the 
disease exhibits a definite incubation period and the lesions in epithelial cells are 
accompanied by the formation of large cytoplasmic acidophile inclusion bodies. 

Findlay said that the virus is pathogenic only for man. Attempts to infect 
laboratory animals, monkeys, and apes have all failed, neither fowls nor pigeons 
can be infected, nor is there any evidence to show that human Molluscum contagiosum 
is in any way related to the disease of birds known as avian molluscum, fowl-pox, 
or Epithelioma contagiosum. 

It has been said that many viruses are prone to affect a particular type of cell. 
This fact is emphasized in the use of v the expression ‘ tropism ’ in reference to certain 
viruses. Some viruses are said to be neurotropic, namely herpes, rabies, poliomye- 
litis ; while others are epidermotropic, such as variola, vaccinia, fowl-pox, 
Molluscum contagiosum, infective warts, and pityriasis rosea. 

Molluscum contagiosum is not very uncommon here and we decided to try if 
it were caused by a neurotropic virus and inoculated rabbits by cisterna puncture 
with a suspension of the diseased material in the same manner as is employed in 
rabies inoculation. 

Technique of animal experiment . — Whenever possible we used material from 
newly-formed molluscum nodules. The nodule with the surrounding skin was 
cleansed with a mixture of equal parts of ether and alcohol and was snipped off with 
a pair of sterile curved scissors. It was then macerated in a sterile agate mortar 
into a paste, by means of a sterile agate pestle, with the addition of a little sterile 
normal saline. The paste was afterwards mixed with normal saline to form a sus- 
pension which was then filtered through a candle, Chamberland L 3 , and the filtrate 
thus obtained was used as inoculum. 

Inoculation . — Male rabbits were chosen as the most suitable animals and inocu- 
lation into the cisterna was performed. A sterile Collins-Boux syringe was used. 
First 02 c.c. to 03 c.c. of the inoculum was drawn into the syringe. With the animal 
under ether anajsthesia the region, where the syringe needle was to be inserted, was 
shaved and cleaned with ether-alcohol and the needle was introduced into the sub- 
dural space in the suboecipital region and 0’2 c.c. to 0-4 c.c. of clear spinal fluid was 
withdrawn, which indicates successful cisterna puncture. The inoculum and spinal 
fluid were then slowly injected into the cisterna. We found' that 05 c.c. was the 
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maximum quantity that could be safely introduced because with a larger quantity 
there is danger of death. Only two out of 36 rabbits succumbed to intracranial 
haemorrhage. In some cases unfiltered suspension was also taken as an inoculum 
and the results are given below. 

Result of animal experiments. 

The total number of animal experiments, including controls, was thirty-six. 
In the first series twenty animals were utilized as follows : Six were inoculated 
with unfiltered molluscum nodule suspension and four with a filtrate of this suspen- 
sion ; three controls were inoculated with unfiltered normal human skin suspension, 
and three with its filtrate ; and finally two rabbits were inoculated with unfiltered 
and two with filtered rabbit brain suspension. The results are shown in Table I : — 


Table I. 


Primary inoculations and controls. 


Inoculum. 

Number 

of 

rabbits. 

Number 

remained 

healthy. 

Number 

diseased. 

j Number 

1 recovered. 

Number died. 

Number posi- 
tive by 
examination. 

Unfiltered moll us- , 
cu in nodule sus- 
pension. 

6 

t i 

i 

j 5 

2 

3 (2 killed and 

1 died). 

i 

\ 

2 

Filtered molluscum 
nodule suspen- 
sion. 

4 

1 

i 

3 

i 

0 

3 

1 

| 

2 

Unfiltered normal 
skin suspension. 

i 

3 j 

i 

2 

0 

0 

1 of haamorr- i 
hage. 

j 

0 

Filtered normal 
skin suspension. 

3 

3 

0 

0 

1 

j 

0 

0 

i 

Unfiltered brain 
suspension. 

2 

2 

0 

i 

0 

0 

0 

Filtered brain sus- 
pension. 

2 

2 

0 

0 

! 

i 

i 

0 

0 


The first passage to another set of rabbits gave positive results. In this ex- 
periment the diseased rabbit was killed on the 10th day, the brain was removed 
aseptically, mixed with normal saline under strict aseptic conditions, and the inocu- 
lation of twelve rabbits was carried out with filtered and unfiltered suspension of 
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the brain. Similarly, a second passage was performed by taking the brains of this 
second group of rabbits and inoculating four other rabbits, as shown in Table II 


Tarle II. 

Results of sub-ivoculaliov . 


Number recovered. 

Number died. 

Number positive by 
examination. 

2 

3 (one of 
htemorrlmge). 

2 

2 

4 

3 

0 

2 

2 

0 

2 

2 


1st passage 


2nd passage 


Inoculum. 


Unfiltorod 


Filtered 


Unfiltcicd 


Filtered 


.o 

rO 

c3 

U 

U-i 

o 


a 

p 


u 

0> & 

a **3 
2 a 


w 


H 

3 


Symptoms in experimental animals. 

It appears from the observation of 13 positive animals which were inoculated 
with molluscum nodules and with infected brain, the majority in the first passage 
become sick within 2 to 3 days. After 48 hours the animal looks unwell, bending 
its head to the left side with full stretching of the right hind leg and the eyes have 
an anxious look. It does not take food readily. It was thought that the bending 
of the head and sickness might be due to the local injury caused by the puncture 
of the needle during inoculation but no such inflammatory process could be found 
subsequently. Gradually the movements became limited and the animal could not 
hop and jump as it normally does, but it pulled itself along by advancing one hind 
leg ahead of the other. The front legs are not affected at first, but on the 6th day 
these also became paraplegic. There was a spastic paraplegia of the hind legs, 
which were contracted, rigid, and resistant to passive movements. On the 8th day 
there was a flaccid type of paraplegia of the hind legs and spastic paraplegia of the 
front legs, which dragged the whole body forward ; finally, this stopped and the 
animal could not move. Unfortunately we could not observe the animals at 
the time of death as all except one died at night, but we noticed respiratory 
difficulty with shallow breathing, the previous evening. It may lie possible that 
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the respiratory centre is also paralysed at the time of death. The animal gets 
spasm off and on, especially when disturbed during the illness. Some animals, in 
which the front legs did not become affected, recovered within 2 to 3 weeks. 
One of those * recovered 1 rabbits developed gradual cachexia which became very 
pronounced at the 3rd week and the animal died. The 'peculiarity about the 
first and second passages is that the animals developed the above symptoms 
within 24 to 48 hours and died on the 4th to 6th day, prominent symptoms being 
severe spasms of the extremities and respiratory failure at the time of death. 

Post-mortem appearances : — 

1. Skin — normal. 

2. Spleen, liver, lungs, heart, and kidneys are highly congested. 

3. Brain — there is marked congestion of the brain, the blood vessels being 

very prominent and distended with blood. The membrane is con- 
gested and swollen. On section the brain is oedematous and minute 
haemorrhages are seen here and there. Very little exudation is present. 
The cord is also congested. 

Histopathology of brain . 

In the substance of the brain the changes, which are confined mainly to the 
pyramidal cells, consist of various stages of degeneration, the cells are pyknotic. 
their nuclei cannot be made out clearly, the Nissl granules have disappeared and 
definite signs of neurophagy are present. In places, the cells appear as black masses, 
scattered amongst their comparatively less-injured neighbours. The degenera- 
tive process has picked out cells indiscriminately and a damaged cell may be seen 
alongside a healthy one. There is no neuroglial proliferation. No change can be 
made out in the white matter. The pial membrane is congested, its blood vessels 
are engorged with blood and there is some round-celled infiltration. These features 
are limited strictly to the meninges. There are minute haemorrhages here and 
there in the brain substance. 


Complement- fixation reaction. 

The technique of complement-fixation was employed according to the advice 
given by Major S. D. ft. Greval, i.m.s., who helped us greatly in selecting the proper 
antigen and also in obtaining a suitable titration. 

Antigen . — First the saline suspension of molluseum nodules was tried but it was 
frequently anticom plementary and when diluted sufficiently to overcome this defect 
it was poor in fixing power. Then an alcoholic extract of the same material was 
taken as an antigen but it gave conflicting results and after several modifications 
including the addition of cholesterol it was found still unreliable and its use was 
discontinued. 


Next we thought of preparing antigen from the infected rabbit brains which 
has been kept about six months in suspension in half per cent earbolized normal 
saline m. an ice-chest. According to the suggestion of Major Greval the suspension 
was filtered and the filtrate was taken as antigen ; this proved to have no fixing 
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power, though it was not anticomplementary and not haemolytic. Then the 
suspension was filtered through a filter-paper and it was found to be of the 
same nature. 

Next we took the brain substance on the filter-paper and prepared an alcoholic 
extract from it. The extract was used as an antigen and it was neither anticom- 
plementary nor haemolytic. It also showed good fixing power when treated with 
serum of Molluscum contagiosum cases. 

The anticomplementary activity of the antigens was invariably tested before 
use by titrating them in the presence of 1 M. H. D. of complement. An antigen 
was considered satisfactory if it did not inhibit the action of 1 M. H. D. of comple- 
ment when present in twice the concentration 'used in the test. 

Sera. — The sera investigated were obtained from cases of Molluscum contagio- 
sum in various stages the majority being of long duration and a few convalescent 
ones. Control sera were obtained from individuals suffering from infective waTts, 
herpes zoster, lupus vulgaris, tinea cruris, and syphilis of which one each of herpes 
zoster, lupus vulgaris, and tinea cruris gave positive results ; there was a history 
of ‘ warty growth ’ about two years back in the tinea cruris case. 

Quantities and time used in the test 

0*25 c.c. 1 in 5 diluted serum is mixed with 0-25 c.c. titrated antigen and 025 c.c. 
complement-dilution representing 2 M. H D. This mixture is kept at room tem- 
perature for half an hour, and in an incubator at 37°C. for half an hour. After the 
above period of fixation 025 c.c. of 3 per cent sensitized sheep-cell suspension is 
added and the whole is incubated at 37°C. for thirty minutes. We intend to modify 
the period of fixation in our further work according to the indication in the work of 
Bedson and Bland (1929) that the union between virus and antibody takes place 
slowly, and this suggested that better complement-fixation might be obtained if 
the period of fixation were prolonged. This naturally cannot be done at 37°C. 
because complement deteriorates fairly rapidly at this temperature. 

Table III. 


The results of complement-fixation reaction. 


Disease. 

Total number 
of cases. 

Positive. 

Doubtful 

positive. 

Negative. 

Molluscum contagiosum 

24 

20 

3 

1 

Infective warts 

8 

i 0 

2 

6 

Herpes zoster 

6 

1 

1 

4 

Lupus vulgaris . . • • 

5 

1 

0 

4 

Tinea cruris ♦ • •• 

5 

1 1 

i 

0 

4 

Syphilis • • • • * * 

5 

0 

1 

1 

! 

4 



Plate I 



Fig. 1. Section of parietal lobe of the 
brain (x 80 approx.) showing thick- 
ened pial membrane and degenerated 
pyramidal cells. 



Fig. 3. Section of Same (X 450 
approx.) showing the thickened pia] 
membrane with its blood vessels en- 
gorged with blood and also haemorrhages. 



Fig. 5. Section of liver ( x 450 
approx.) showing marked congestion. 



Fig. 2. Section of same (X 450 
approx.) showing pyknotic and degen- 
erated pyramidal cells. 



Fig 4. Section of the same (X 450 
approx.) showing engorged blood 
vessels in the white matter with 
extravasation of blood. 



Fig. 6. Section of spleen (x 450 
approx.) showing congestion and 
haemorrhages. 
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Thus, by the serologic test we are able to demonstrate that the disease 
manifested by the rabbits was caused by the same virus as that of Molluscum 
contagioswn in man. Positive complement-fixation reactions between the blood 
serum and the alcoholic extract of the brain of the infected animal were obtained 
in most cases. 

The three control sera which gave positive-fixation came from herpes zoster, 
lupus vulgaris and tinea cruris and one of them may have had an attack of Mollus- 
cum contagioswn some time previously. 


Summary. 

1. Rabbits inoculated with the filtrates obtained from the suspension of 
molluscum nodules by cisterna puncture exhibited a characteristic clinical picture, 
showing the transmission of infection from human beings to animals. 

2. Brains of positive rabbits show marked pathological changes, which seem 
to be peculiar to the molluscum virus. 

3. Its passage through animals was repeatedly successful. The successful 
transfers made with the filtrates of brain tissue suspension point to an invisible 
filtrable virus as the cause of the disease. 

4. Serologic tests with the antigen prepared from the infected brain are of 
diagnostic importance. 

Goodpasture (1929) said that there was an interesting variation in the cellular 
affinity of the three viruses, namely vaccinia, fowl-pox, and Molluscum conta- 
giosum, brought out in the case of two of them by infection on the chorio- 
allantoic membrane of the chick embryo. Molluscum contagwsum had not yet 
been successfully engrafted upon a host other than man, but so far as one 
knows it affects only and especially ectodermal epithelial cells in their natural 
host and it would probably require a culture of ectodermal epithelium to ini- 
tiate its growth. 

We have had partial success in propagating the molluscum virus on the chorio- 
allantoic membrane of a developing chick embryo by the inoculation of the filtrate 
of a saline suspension of the molluscum nodules following the method of inoculation 
described by Burnet (1936). The details of this work will be published later. 
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Introduction. 

The problem of basal metabolism lias in recent years aroused a certain amount 
of interest among the nutrition workers in India. An extensive study of the subject 
has become necessary in view of the fact that the basal metabolic rate (B.M.R.) is 
an important factor in the determination of caloric requirements. The standards 
of basal metabolism as established in America and in Europedo not apply to people 
living in the tropics. In India the dietetic, climatic, occupational, and other factors 
which are known to influence the basal metabolism are quite different from those 
prevailing abroad and they are so much at variance all over this country, that an 
extensive series of regional investigations are necessary for calculating the B.M. 
standards for people resident in the different parts of India. 

Mukherjee (1926) collected data from his observations on 15 Bengalee male 
medical students between the ages of 22 and 27 years at Calcutta, and found the 
basal metabolism to be 9 per cent below the Aub and DuBois standards. Sokhev 
(1927) using a Collin’s chain compensated gasometer with Haldane’s air analysis 
apparatus measured the B.M.R. of 21 male medical students in Bombay and reported 
a variation of 10 to 23 per cent below the Aub and DuBois standards in 15 of his 
subjects. In Madras, Mason and Benedict (1931) working on 53 women students and 
teachers found a deviation of 16'9 and 17'2 per cent below Harris-Benedict and Aub 

( 99 ) 
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and DuBois standards respectively. Mukherjee and Gupta (1931) investigated the 
B.M.R. of 18 Bengalee medical students at Calcutta and observed a deviation of 13 - 3 
per cent below the Aub and DuBois standards. Banerji (1931) found the basal 
metabolism of 145 prisoners of Lucknow districts jail to be 7 per cent below Aub 
and DuBois standards. Bose, and De (1934) carried out observations on 30 men and 
30 women at Calcutta and their results were within 5 per cent of the standards of 
Aub and DuBois. Krishnan and Vareed (1932) also reported values for men and 
women considerably lower than the Harris-Benedict and Aub-DuBois standards. 
Rahman (1936) conducted experiments on 32 young men at Hyderabad and found 
a deviation of 8‘7 per cent below the Aub-DuBois standards. 

The present communication is a preliminary report of the observations of B.M.R. 
recorded on 76 healthy adults, 24 men and 52 women, residents of Bombay. In 
order to lay down standards for basal metabolism and to assess the relative import- 
ance of the different factors influencing metabolism a large number of observations 
are absolutely indispensable. The work is being continued and the data obtained 
from all future experiments will serve as a supplement to the present series of results 
for subsequent statistical treatment. 

Experimental. 

In the present publication the observations on 76 subjects are reported. Each 
subject was experimented on on three separate days and on each day three records, 
each of 10 minutes period, were taken at intervals of 15 minutes. 

Subjects selected . — The subjects selected were healthy medical students and 
members of the staff of the Medical College and nursing staff of the K. E. M. Hospital, 
Bombay. They belonged to different communities of both sexes and were of a 
homogeneous group as far as age and living conditions were concerned, some being 
vegetarians and others non-vegetarians. They were all examined a few days before 
the tests to eliminate those that revealed some abnormal clinical conditions. A 
few days before the commencement of the tests, the subjects were shown the 
apparatus and the whole test demonstrated to them in order to minimize any 
mental disturbance resulting from the novelty of the apparatus used. 

The men and women subjects selected were between the ages of 18 and 35 years. 
These subjects being of a literate class gave correct information of their ages and 
hence results obtained could safely be compared with the standards laid down 
for the corresponding age groups. Further information concerning the physical 
measurements is given in Table I. 

Apparatus and technique . — The apparatus used was Sanborn’s graphic meta- 
bolism tester. In determining the basal metabolism the subject lies on a couch 
with his nose clamped, and breathes in and out of the instrument through a mouth- 
piece and two wide bore tubes (inspiratory and expiratory), provided with valves. 
The main part of the instrument consists of a bell-type spirometer. At the commence- 
ment of the experiment sufficient oxygen is admitted from a cylinder to raise a 
pointer on the spirometer bell to a known mark upon an adjoined scale calibrated 
to oxygen volumes, the accuracy of which has been checked in the laboratory. . Due 
precautions are taken to test for leakage and for the presence of carbon dioxide in 
the spirometer bell. As oxygen is consumed the spirometer falls and from the- 
heights of the recorded graph at the beginning and end of the experiment the oxygen • 
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consumption per minute is obtained. The volume of oxygen used includes correc- 
tion for water vapour and for temperature of 21°C. For barometric pressure and 
other temperatures corrections are made by the use of tables supplied with the 
apparatus. The heat production is found by reference to the tables on the assump- 
tion that the average R.Q. in the post-absorptive stage is 0'82. 

The data for the physiological and physical measurements are given in 
Table I:— 


Table I. 


Data. 

24 men. 

52 women. 

A. Age in years and months. 

i 


Maximum 

35/6 

29/10 

Minimum 

18/7 

18/5 

Average 

22/8 

22/- 

B. Weight (without clothes) in kg. 

! 


Maximum 

71-3 1 

62-2 

Minimum 

42-7 ' 

30*4 

Average 

52'5 

i 

44*7 

C. Standing height in cm. 



Maximum . . . . • • • • • • | 

183*6 

164*3 

* i 

Minimum . . . . • . * - • • j 

152*2 

140*5 

Average . . . . . . . * • • 

166*0 

152*7 

D. Sitting height in cm. 



Maximum . . . . . . • • * * j 

95*3 

86*1 

Minimum . . . . . . . * • • 

80*5 

74*7 

Average . . . „ . . . • 

86*2 

79*6 

E. Pirquet Index or Pelidisi. 



Maximum . . . . . . . . . ■ 

105*5 - 

105*S 

Minimum . . . . . , . . . . j 

85*2 

86*2 

Average . , . . . . . . . . 

93*4 

92*3 
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Table I — contd. 


F. 


Data* 


24 men. 


52 women. 


Respiration rate. 

Per minute during the experiment 


17 


17 


G. Pulse rate per minute. 

Average before the test 
Average during the test 


65 

65 


79 

70 


H. Blood pressure. 

Average systolic 
Average diastolic 


104 


102 


63 


64 


I. Vital capacity in c.c* 
Maximum 
Minimum 
Average 


J. Barometric pressure in mm. ITg. 
Maximum 
Minimum 
Average 


K. Room temperature in °F. 


Maximum 
Minimum 
. Average 
Maximum 
Minimum 
Average 


i • 

V dry bulb 


i wet bulb 


4,600 

1,500 

2.552 


2,900 

900 

1,622 


766 

754 

760 


765 

755 

761 


91 

! 

1 

91 

75 

74 

83*6 

83*5 

86 

87 

69 

58 

79 

74*8 
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Table I — concld. 

Data. 

24 men. 

52 women. 

L. Percentage of humidity. 

I 

i 

i 

i 

i 


Maximum . . • • > . 

i 

100 

92 

Minimum 

50 

* 

31 

Average 

76 

i | 

69 


During the first few weeks of the investigation, the subjects came from home 
to the laboratory in the morning at 7 a.m. having taken their last meal 12 to 13 hours 
before the tests. Instructions were given to the subjects to eat a light dinner, not 
high in protein, and retire early to get a good night’s rest. On the morning of the 
test, no bathing or breakfast, tea, milk or coffee was 1 allowed and exertion of all 
types avoided, the subjects starting in good time from home so as to reach the labora- 
tory without hurrying. The tests were conducted 45 minutes after the subjects 
had completely rested in the experimental room. The pulse and respiration were 
frequently recorded during the test. Blood pressure was also recorded before the 
beginning of the test. In the later tests the subjects slept overnight in the 
experimental room, and it was found that the B.M.R. was slightly lower as compared 
to that obtained when they came from home. The data published in this paper 
are from records of subjects who slept overnight in the experimental room. Every 
possible effort was made to keep the subjects in perfect mental rest and muscular 
repose, and any excitement could be detected from the pulse, the respiration rate, 
and the type of spirographic tracings. The subjects were tested on three different 
days, three observations being taken each day. From each of the three-day series 
the average of the two lowest figures that agreed within 5 per cent were used for the 
estimation of B.M.R. for that series. 

The average oxygen consumption on the second and third days was found 
to be lower than that observed on the first day, both in case of men and women 
(Tables II and III). This is to be attributed to greater repose and tranquillity 
ensured in the later series of experiments rather than to fatigue which was obviated 
by leaving an interval of at least three days between the consecutive series of 
observations recorded on three different days. In calculating the standard B.M.R. 
the mean of the second and third day series was taken into account and the results 
of the first day series were discarded for this purpose. In Tables II and III are 
given the results of the third series of tests on men and women respectively. 
The averages of the first and second series are given at the bottom of the tables 
for purposes of comparison. 
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Basal metabolism of normal women in Bombay, series III. 
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Discussion. 

The average oxygen consumption was found to be 193, 186, and 188 c.c. for 
men and 156, 152, and 152 c.c. for women in the 1st, 2nd, and 3rd series respectively. 
The oxygen consumption in the first series of observations was higher than that 
observed in the second and third series. The observations for the two latter were, 
however, in good agreement. The values for basal metabolism obtained in these 
experiments have been compared with the Mayo Clinic, Harris-Benedict, and the 
Aub-DuBois standards. The average of each series has been found to be low when 
compared with any of these standards. The Mayo Clinic standards have been 
obtained by finding the averages of a number of readings taken on one day only (see 
DuBois, loc. oil.) and hence are likely to give somewhat high prediction values. The 
Aub-DuBois standards are, according to Krogh (1925), higher by about 6 per cent. 
Benedict (1928) also believes that the basal metabolism standards for women should 
be lower by about 5 per cent than the Harris-Benedict standards in use ; he further 
suggests that the Aub-DuBois standards for women should be lower by 12 per cent 
than the corresponding standards for men. Thus, it will be apparent that on account 
of the prevailing uncertainty about the current standards it becomes difficult to draw" 
any definite conclusions based on the observed deviations. A comparison of the 
Indian data on the oxygen consumption and the heat production will perhaps be 
more useful. The values for these reported here are found to be in good agreement 
with those reported by some of the oilier workers in India. Table IV shows 
the comparative Indian values referred to above. 

The figures found in the table show good agreement between the various results 
reported from different places. These data present a possibility of obtaining a uni- 
form standard of basal metabolism for Indians in general. Banerji (loc. cit.) and 
Bab man (loc. cit.) who have obtained higher values are inclined to think that these 
might be due to the influence of the different climatic conditions in maritime places 
such as Calcutta, Bombay, and Madras on the one hand and inland places such as 
Lucknow" and Hyderabad on the other ; the climate inland is drier than on the coast. 
Banerji has not given figures for the actual oxygen consumption or heat production, 
but the figures obtained by Rahman can be compared with those of Krishnan and 
Vareed (loc. cit.). When these authors calculated the average heat production by 
taking all the readings, they obtained a figure (36-7 calories per sq. m. per hour) 
higher than that (34-8 calories per sq. m. per hour) calculated by using only the 
minimum readings observed W"ith each subject. Since the averages calculated by 
Bahman have been obtained by using all the readings from each subject, and since 
these values agree with the higher values of Krishnan and Vareed (see the table), 
it seems probable that the average basal metabolism of men in Hyderabad could bo 
actually lower than that reported by him. It is also possible that the high values 
obtained by Banerji (loc. cit.) and Bose and De (loc. cit.) might be due to similar 
reasons. In case of women the values for basal metabolism reported by us, 
although slightly higher, agree fairly w"ell with those reported by Mason and 
Benedict (loc. cit.) and by Krishnan and Vareed. 

So far as the present investigation is concerned the oxygen consumption on 
the first day of the experiment was, as has been stated elsewhere, found to be some- 
what higher than on the second and the third days. The agreement between the 
observations on the tw-o latter days was good and hence it is felt that the values 
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obtained by finding tlie mean of tbe 2nd and 3rd day observations will give very 
nearly a true figure for the basal metabolism of men and women in Bombay. 

Numerous factors are known to influence the basal metabolism. In addition 
to age, sex, height, and weight, several characteristics of a locality may affect the 
metabolism : — 

(a) The climate may play an important role. In all basal metabolism experi- 
ments and in all summations of basal metabolism data the possible effect of seasonal 
variation cannot entirely be disregarded. The conclusions of the different 
workers on the seasonal variability in metabolism are at variance. Ahmad, Lai 
and Roy (1938) obtained apparently contradictory results in a series of experiments 
carried out in air-conditioned rooms where the temperature and relative humidity 
were low. They found a decrease in the rate of heat production when the subjects 
entered the air-conditioned room from the warm and humid environment. In 
studying this problem one has several factors to consider, viz., the temperature, humi- 
dity, and the influence of sunlight. Indeed the various factors making up a tropical 
climate should be carefully considered in such analysis. In order to get a complete 
picture of the effect of season on metabolism it is intended to make observations 
on each individual on three different days each month throughout an entire 
year. 

(i b ) The diet with particular reference to the protein intake is another important 
factor, for with a low protein intake, a low metabolism might be expected (Williams 
and Benedict, 1928). According to Best and Taylor (1937) the B.M.R. of vege- 
tarians shows no significant difference from that of meat eaters ; the nature of the 
diet would seem to have little influence on metabolism. In view of these contra- 
dictory statements it would be worth while to carry out further work on the meta- 
bolism of the vegetarians and non-vegetarians. 

(c) The importance of taking blood pressure into account in metabolism studies 
cannot be overestimated. Thus, as a result of under-feeding, a group of 12 men 
were found to have a low B.P. and a low metabolism (Benedict, Roth and Smith, 
1919). The B.P. curve of a man who fasted 31 days ran parallel to the curve for 
heat production (Benedict, 1915). The B.P. of the Chinese in general have been 
found to be low and the nutrition observations on Chinese women have shown a 
consistently low metabolism. For further work, particularly in racial metabolism, 
observations on the prevailing blood pressure are necessary with a view to establish 
its correlation, if any, with metabolism. 

(d) In addition to the factors enumerated above, influences such as athletic 
or muscular build, physical activity and the general nutritive state cannot be 
ignored. In a racial study of metabolism the ideal method is to exclude all other 
potential influences on metabolism except race. The observations are to be con- 
fined to people of different races having more or less the same physical configuration 
and development. They must live as far as possible under the same conditions 
of temperature and humidity, engage themselves in the same degree of muscular 
activity and partake of the same quality and quantity of food. Rajagopal (loo. cit.) 
has found the metabolism in Indians to be 8 joer cent below that of Europeans and 
he attributes this difference to a racial factor. In fact if due allowances could 
scientifically be made for the lower protein intake and for the other factors stated 
above the racial difference as such may to a large extent disappear. Wilson and 
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Roy (1938) do not favour the hypothesis of a racial factor being the cause of low 
B.M.R. of children investigated at Calcutta. The question of racial metabolism 
is so much complicated by the effects of previous diet, muscular activity, and 
environmental changes that the influence of the racial factor cannot be properly 
evaluated unless the above effects are, as far as possible, eliminated. It is 
ptoposed to make an extensive study of the racial factor in the future. 

It will be interesting, however, to calculate on the basis of the results reported 
here the total caloric requirements of men and women in Bombay. The values 
given below are calculated for a man of average weight of 52*7 kg. and 166*1 cm. 
in height and for a woman with an average weight of 44*4 kg. and 152*8 cm. height, 
having a surface area of 1*57 and 1*37 sq. m., respectively. 


Calories. 

Caloric requirement for man . 

Basal metabolism for 16 hours. 1*57 X 34*5 X 16 . . 867 

Basal metabolism during sleep 8 hours. 1*57 X 34*5 X 8 X 0*9 390 

Allowance for moderate work . . , . , . 1,200 

Allowance for specific dynamic action at 6 per cent of total 147 

metabolism. 

Total . . 2,604 


Caloric requirement for woman . 

Basal metabolism for 16 hours. 1*37 X 32*05 x 16 . . 708 

Basal metabolism during sleep 8 hours. 1*37 x 32*05 X 8 318 

X 0*9. 

Allowance for household work . . . . . , 743 

1,769 

Allowance for specific dynamic action at 6 per cent of total 106 
metabolism. 

Total . . 1,875 


Summary. 

The basal metabolism of 24 men and 52 women between the ages 18 and 35 
years has been measured with the Sanborn’s graphic metabolism tester. The basal 
metabolism of each subject was tested on three days with three observations on each 
day. The results are presented in three series ; the mean of the observations of 
the lowest two on the 2nd and 3rd day has been taken as the true basal metabolism 
of the subject. The means of the average oxygen consumption of the 2nd and 3rd 
series are 187 c.c. per minute for men and 152 c.c. for women. The value for heat 
production for men is 34*5 calories per sq. m. per hour and 32*05 calories per sq. m. 
per hour for women. The total caloric requirements of men and women per day are- 
approximately 2,604 and 1,875 respectively. 



S. P. Niyogi, V. N. Potwordhan , and J. Mordecai. 


113 


Acknowledgments. 

The authors are grateful to Dr. Jivraj N. Mehta, the Dean, for his interest and 
encouragement in the conduct of this Inquiry. They have much pleasure in 
thanking the nursing staff of the K. E. M. Hospital and the teaching staff and 
students of the Seth G. S. Medical College, Bombay, who volunteered for the tests 
and co-operated in every way. 


REFERENCES. 


Ahaiad, Lal, and Roy (1938) 
Banerji (1931) 

Benedict (1915) 

Idem (1928) 

Benedict, Roth and Smith (1919) 
Best and Taylor (1937) 

Bose and De (1934) 

DtjBois (1936) 

Ivrishnan and Vakeed (1932) 
Krogh (1925) 


Mason and Benedict (1931) 
Mtjkherjee (1926) 

Mukherjee and Gijfta (1931) 
Rahman (1936) 

Rajagopal (1938) 

Sokhey (1927) 

Williams and Benedict (1928) 
Wilson and Roy (1938) 


Ind . Jour . Med. Res., 26 , p. 205. 

Ibid., 19 , p. 229. 

Carnegie Inst. Washington Pub., No. 203 , p. 121. 
Amer. Jour. Physiol., 85 , p. 607. 

Carnegie Inst. Washington Pub., No. 280 , p. 382. 

4 Physiological Basis of Medical Practice Bailliere, 
Tindall and Cox, London, p. 860. 

Ind . Med. Gaz., 69 , p. 607. 

4 Basal Metabolism in Health and Disease Lea & 
Febiger, Philadelphia. 

Ind. Jour. Med. Res., 19 , p. 831. 

4 Krogh’s Recording Respiration Apparatus — Tables 
of Normal Metabolic Rates after DuBois and 
Benedict-Harris Copenhagen, J. H. Schuttz. 
Ind. Jour. Med. Res., 19 , p. 75. 

Cal. Med. Jour., 20 , p. 245. 

Ind. Jour. Med. Res., 18 , p. 807. 

Ibid., 24 , p. 173. 

Ibid., 26 , p. 411. 

Trans. 1th Congr. F.E.A.T.M. (Cal.), 3 , p. 321. 
Amer. Jour. Physiol., 85 , p. 634. 

Ind. Jour. Med. Res., 25 , p. 901. 



hid. Jour. Med. Res., 27, 1, July, 1939. 


STUDIES IN HUMAN METABOLISM. 

Part I. 

PROTEIN METABOLISM IN INDIANS. 

BY 

K. P. BASU, d.sc., ph.p., 

AND 

M. N. BASAK, m.sc. 

(An Inquiry under the Indian Research Fund Association.) 

( From the Biochemistry Section , Chemical Laboratories, Dacca University.) 

[Received for publication, March 6, 1939.] 

The determination of the protein requirements of man is an old controversial 
problem. The history of attempts to solve the problem of maintenance requirement 
has been reviewed by Martin and Robison (1922). As early as 1866, Voit showed 
that nitrogenous equilibrium could be maintained with an intake of 118 g. of protein 
equal to 6-27 g. N per kilo of body-weight per day. Later, various investigators 
including Hirschfeld (1887) and Siven (1900) obtained minimum values varying 
between 0-08 g. and 0*18 g. N per kilo body-weight per day or 35 g. to 79 g. proteins 
daily for an adult weighing 70 kilos — most of the results being round about 0'1 g. N 
per kilo or 44 g. protein per 70 kilo body-weight. The Investigations of Neumann 
(1902) and Chittenden (1905), undertaken to ascertain whether health and activity 
could be maintained over prolonged periods on a mixed diet of low content in 
protein, revealed that nitrogenous equilibrium was attained by Neumann on an 
intake of 0-15 g. N per kilo or 66 g. protein per 70 kilo body-weight and by 
Chittenden with 0-10 g. to 0-12 g. N per kilo or 44 g. to 53 g. protein per 70 kilo 
body-weight per day. 

The whole question of the maintenance protein requirement in man was 
examined by Sherman (1920). He collected data from the literature and from his 
own experiments and applied a method of calculation commonly used in meta- 
bolism work. This is based on the assumption that the requirement is measured 
by the output near the equilibrium point at low intake : thus if, with any given 

( 115 ) - 
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intake, there is a net loss of nitrogen from the body, intake is inadequate and the 
requirement is the sum of intake and net loss. If there is a net gain, the intake 
is in excess of the requirement for maintenance which is intake minus net gain. 
Sherman showed the requirement indicated by the general average of 109 experi- 
ments to be 0’635 g. protein per kilo of body-weight, or 44 - 4 g. per ‘ average man’ 
of 70 kilos per day. Recently, Leitcli and Duckworth (1937) have argued that the 
above assumption is unsound since the final result will depend on the range of intakes 
in the experiments and can be raised or lowered at will by extending or restricting 
the range. To remedy this difficulty they have adopted a clever method, which 
consists in fitting regression lines of output on intake to negative and positive 
balance data separately and calculating the point at which the chances of negative 
and positive balances are equal. Thus, the protein requirement for maintenance 
in adults (70 kilo body-weight) on a mixed diet including animal and plant proteins 
has been estimated by them to be about 50 g. daily. This estimate is in excellent 
agreement with the findings of Chittenden and also of Benedict et al, (1919) who 
found that his experimental subjects (University students) could maintain nitrogen 
equilibrium on an intake varying between 8 g. and 8-3 g. nitrogen or 50 g. and 52 g. 
protein per day. On the other hand Hindhede (1934, 1935) claims that equilibrium 
has been maintained on 32 g._ * digestible ’ protein from potato or whole meal bread. 
Dr. C. Rose is stated by Strieck (1937) to have attained nitrogen equilibrium on 
24 g. to 29 g. of protein per day and to have remained in a state of excellent 
physical efficiency at this level. Terroine (1936) states that the maintenance 
requirement never exceeds 18 - 75 g. protein. 

The importance of the protein element in nutrition in India has been stressed 
by Basu and his co-workers in investigation on biological value of proteins in 
this laboratory and also by Wilson et al. (1936). The problem of protein nutrition 
in India, however, has not been studied by any systematic metabolic studies con- 
ducted on Indian subjects. The object of the present investigation was to deter- 
mine the nitrogen elimination of Indians on protein-free diets and also the actual 
nature of their protein requirements as indicated by studies of nitrogen balance on 
Indian subjects, and to find out if protein requirements are adequately covered 
by typical Indian dietaries. Rice and wheat are the two cereals which constitute 
the main items in the dietaries of Indian vegetarians. The diets -investigated 
contained gradually increasing amounts of either of the cereals which constituted 
the main source of proteins. A practically constant amount of protein was supplied 
daily in the form of a fixed weight of a pulse (25 g.) and of vegetables (200 g.). Poor 
vegetarians in India derive their proteins mostly from rice or wheat and from pulses 
and vegetables, and milk scarcely figures in their dietaries. Parboiled milled rice 
and whole wheat (atta) were used in this investigation. 

Experimental. 

The experiments were conducted on two healthy young men, G. C. N. (19 years) 
and S. N. D. (24 years), weighing 49 kilograms each. They were kept under strict 
supervision and carried out ordinary duties in the laboratory. During the period 
that the nitrogen-free diet was being consumed, however, they did not do any labora- 
tory work. They realized the importance of the investigations and co-operated 
whole-heartedly in the work. 
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A number of rice or whole wheat (atta) diets (exclusively vegetarian) composed 
of known amounts of foodstuffs as indicated in Table I were taken for a period of 
six consecutive days. The protein content of the diets was varied by varying the 
amount of rice or whole wheat (atta). The energy value of all the diets was kept 
constant by incorporating necessary quantity of nitrogen-free sago so that the sum 
of the weights of the cereal and sago was 600 g. in the case of Gr. C. N. and 500 g. in 
the ease of S. N. D. Both with rice and wheat diets the experimental subjects were 
first given a diet containing the least amount of cereal. Diets containing gradually 
increasing amounts of cereal were then given and the intake of protein at which 
balance was actually or nearly obtained was discovered. Thus diet I, containing 
the lowest amount of cereal and hence of protein, was taken for six days, then with- 
out break diet II, and then without break diet III, all for six days. In some in- 
stances the experimental subject then returned to diet II, and then to diet 1. In 
each series of experiments the cereal and the pulse were taken from the same stock 
every day and aliquots of vegetables taken daily were pooled for analysis. The 
experimental subjects were given carefully weighed diets which they consumed in 
toio. 

Bor each diet which was taken for six days, urine and feces excreted on the 
last three days only were quantitatively collected, the first three days being consi- 
dered as a preliminary period to avoid any effect produced by the previous diet. 
Urine was collected quantitatively for 24 hours’ periods and preserved over toluene 
to which some chloroform solution of thymol was added. The total volume of urine 
excreted each day was noted and then made up to a suitable volume for estimation. 
In order to be sure that the collection of urine was complete, the amount of creatinine 
eliminated daily was estimated and found to be uniformly constant. In the first 
series the feces were collected and analysed daily but in other series of experiments 
the feces were collected together for a period of three days since the daily dry weight 
of the feces was found to vary considerably. Bseces were marked by carmine. 
These were preserved with a small quantity of glacial acetic acid, dried over a water- 
bath with frequent addition of alcohol, thoroughly powdered, weighed, and preserved 
in the refrigerator in stoppered bottles. 

Total nitrogen was determined by Kjeldahl method. • ^ 


Results. 


Data are arranged in Tables II to X. In Table II are indicated the minimum 
nitrogen outputs of two subjects on a protein-free diet. Tables III to X contain 
' values for dietary nitrogen and urinary and fecal nitrogen outputs on different rice 
and whole wheat (atta) diets, together with the digestibility and biological values 
of the mixed proteins of the corresponding diets. The biological value and diges- 
tibility have been calculated from the following formufe : — 


Biological value 


- nn Body nitrogen retained 
lUU * Pood nitrogen absorbed 


T Total urine 3ST — endogenous urine N \ 

100 | 1 ir 00 d N — (fffical N — metabolic N) J 
i.-w mr* w Food N — (ftecal N — metabolic N) 

Digestibility = 100 X jyy — - 
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Table I. 


Composition of typical diets (G. C. N.). 
1. Protein-containing diet. 



Diet I. 

Diet II. 

Diet III. 

Rice or whole wheat (atta) 

150 g. or 200 g. 

400 g. 

600 g. 

Sago 

450 g. or 400 g. 

200 g. 

Nil • 

Pulses (mung dhal, Phaseohts mungo) 

25 g. 

25 g. 

25 g. 

Fat (butter fat and mustard oil) .. 

25 g. 

25 g. 

25 g. 

Sugar 

100 g. 

100 g. 

100 g. 

Vegetables . . . . . . . . 

200 g. 

200 g. 

200 g. 

Common salt . . . . . . 

5 g. 

' 5 g. | 

5 g* 

Lemon 

one 

one 

one 

Calorie content 

3,000 

3,000 

3,000 

Protein content — 




Rice diet . . 

19*61 g. or 23*53 g. 

39*22 g. 

54*91 g. 

Wheat diet 

25*29 g. or 30*41 g. 

52*75 g. 

74*71 g. 


In the case of S. N. D. identical diets were given except that the sum of the weights of cereal 
and sago was 500 g. so that with rice diets, diet 1 contained 250 g. rice and 250 g. sago, diet II 400 g. 
rice and 100 g. sago, while diet III contained 500 g. rice only. The exact amount of cereal taken is 
always indicated in the tables. 


2. Protein-free diet. 


Sago 


Diet. 


650 g. (G. C. N.). 
550 g. {S. N. D.). 


Sugar 


150 g. 


Composition of foodstuffs. 


100 g. rice contained 

100 g. atta (whole wheat) contained 

100 g. pulse 

100 g. vegetables , 

100 g. sago 


1*075 g. to 1*263 g. N. 
1*765 g. to 1*914 g. N. 
3*728 g. to 4*000 g. N. 
0*141 g. to 0*287 g. N. 
0*008 g. N. 
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Table II. 

Experiments with nitrogen-free diet, which was taken for six days while 
urine and fceces were collected during the last three days. 


(1) Experimental subject — G. C. N. 
Diet : 650 g. sago and 150 g. sugar. 


Day of collec- 
tion. 

Urine 
volume 
in c.c. 

Urinary 

nitrogen 

(g.h 

Faecal 

weight 

(dry) 

(g-) 

per day. 

Faecal 

nitrogen 

(g-) 

per day. 

Total 

1 nitrogen 

1 output 
(g) 

per day. 

! 

1st 

1,790 

1-459 




2nd 

1,595 

1-934 



- 

3rd 

1.390 

1-104 



•• 

Average 

1,591 

1-499 

i 

33-8 

0*946 

2-445 
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Nitrogen metabolism on wheat ( atta ) diets. ( 2nd series). 
Experimental subject — Gr. C. N. 
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In Table IX the intakes at which nitrogen balance was attained by the 
experimental subjects have been collected together and the mean protein 
requirement for maintenance has been noted : — 


Tabt.r IX. 

Maintenance protein requirement. 


Experimental 

subject. 


Rice diet. 


c 

o 


d 

o 4 


d 
© 
bO 
o . 


5zT 


S3 

CT 1 


u bJD 

a a 

a <d 

g a 


G. C. N. (49 kilo) 


Mean 


S. N. D. (49 kilo) 


Mean 


4*254 

3- 450 

4- 563 

4'569 


4-209 


5*596 

6-422 


6-009 


26-3 


37*6 


d X 


<D — f 
H 

'3 o 

crTd . 
N bC 

_o ^ 

oS» 

■ 


P-I 


37*5 


Experimental 

subject. 


Atta diet. - 


<p 

a 

CD 

3 

CD 

’3 

a 4 

CD 


§ 

o°. 


.t; to 


G. C. N. 


53*6 


Mean 


S. N. D. 


a 

a* 

CD 


2 3 

3 8 
% 


3*858 24-3 


4*456 


3*343 


3-885 


6*730 


42 


4i • 

d 

CD 

3 J 


a o 

(T 4 ^ . 

cd^-t- 

*53 bJD 

■P 

O O P 
Pd 


34*7 


60 
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Table X. 


Biological value and digestibility of mixed proteins. 


Experimental 

subject. 

Rice diets. 

Experimental 

subject. 

Wheat diets 

3. 

Level of 
nitrogen 
intake (g.) 
per day. 

Biologi- 

cal 

value. 

Digesti- 

bility. 

Level of 
nitrogen 
intake (g.) 
per day. 

Biologi- 

cal 

value. 

Digesti- 

bility. 

G. C. N. 


3*765 

67 

62 

G. C. N. . . 

3-925 

71 

72 

it 

. . 

3-765 

79 ' 

74 

a • ■ 

4-046 

64 

63 

it 

• • 

4-448 

81 

53 

a 

4*046 

87 

73 

ft 


4-448 

81 

53 

a • • 

4-865 

67 

73 

S. N. 4 D. 


5-858 

84 

63" 

S. N. D. . . 

7-064 

62 

74 

if 


5-858 

73 

56 

G. C. N. .. 

8-287 

60 

83 

G. C. N. 


6-151 

77 

55 

a • • 

8-439 

76 

82 

I* 


6-151 

71 

52 

» • • 

8-439 

68 

83 

ft 


6-275 

79 

67 

S. N. D. . . 

S-970 

62 

77 

S. N. D. 


6-986 

84 

61 

a * * 

10*876 

53 

77 

G. C. N. 


7-788 

66 ' 

67 

G. C. N. . . , 

11*953 

70 

88 

ft 


7-788 

70 

67 

a • • 

11-953 

70 

86 

ft 


7-788 

77 

73 

a • • 

12-117 

1 . 60 

81 

ft 


8-421 

69 

62 

a • • 

12-117 

61 

82 

it 


8-421 

i 6S 

63 


•• 



it 

• • 

8-785 

i 70 

t 

| 

67 

* • 

• • 

• * 

• • 

Mean 

-• 

' 6-418 

i 

i 

t 

i 

1 ” 

1 . 

62 

•• 

8*364 

66*5 

78 


Some experiments were carried out to discover if the retention of nitrogen may 
be augmented by the addition of sugar to diets of adequate energy value and con- 
taining more than enough protein for maintenance. In these experiments the 
composition of the diets was the same as diet III in Table I except that increasing 
amounts of sugar were added. 6 

J, MR 


9 







Table XII. 

Effect of increase in intake of sugar on protein retention (whole wheat diet). 

Experimental subject — G. 0. N. 
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Discussion. 

(a) The minimum nitrogen expenditure. — This means the absolute minimum 
total nitrogen excretion in the urine and fasces, when a normal adult is maintained 
on a practically nitrogen-free diet with calorie requirements supplied in excess by 
carbohydrate and fat. The literature of this subject has been reviewed by Smith 
(1926). In the present case the total urinary nitrogen excretions were 1-499 g. or 
0-030 g. per kilo (G. C. N.) and 2-302 g. or 0-04-7 g. per kilo (S. N. D.). If figures for 
fpecal nitrogen outputs are added, the total nitrogen eliminations become 0 - 05 g. 
(G. C. N.) and 0-07 g. (S. N. D.) per kilo body-weight. In other words, the absolute 
minimum amount of protein, capable of quantitatively replacing the ‘ wear and tear ’ 
quota of the human body in toto, can be theoretically calculated as 22 g. and 30 g. 
respectively with a mean value of 26 g. These values lie remarkably close to 
the values of Terroine ( loc . cit.) and Hindhede (loc. cit.). 

(b) The minimum requirement of protein jor maintenance. — The minimum amount 
of protein that is just necessary to keep an adult in nitrogen balance is known as 
the maintenance requirement of protein. It could be expected that just as basal 
heat production is a measure of the minimum energy requirement, the amount of 
nitrogen excreted by an adult on a protein-free diet, when fed in the form of protein, 
should be able to maintain him in nitrogen balance. In practice, however, it is not 
quite so. The minimum amount of protein that is just necessary to keep the 
nitrogen balance of an adult is always greater than his minimum nitrogen expendi- 
ture. 'The digestibility of proteins, as also the assortment of amino-acids in the 
digested proteins, are two of the factors which are responsible for this. Our experi- 
ments to determine the maintenance protein requirement of subjects consuming 
Indian vegetarian diets involved adherence to an otherwise uniform diet with 
periodical increase or decrease of protein consumption, without alternation of the 
energy intake, until it was found that the subject could maintain himself in nitrogen 
equilibrium on a certain amount of protein of the kinds which the diet in question 
furnished. The experimental conditions were thus almost ideal and our results are 
free from the uncertainties which are associated with the graphical method of 
calculation. Thirty metabolism experiments were performed and the protein 
output in ten experiments in which protein balance was nearly obtained are 
noted in Table IX and show that the maintenance protein requirement of an 
adult of 70 kilo body-weight is 37-5 g. (G. C. N.) and 53-6 g. (S. N. D.) 
protein on rice diet and 34-7 g. (G. C. N.) and 60 g. (S. N. D.) on atta diet. 
In the 109 experiments reported by Sherman (loc. cit.) protein requirements 
per 70 ldlos of body-weight varied between 21 g. and 65 g. with an average 
of 44-4 g. We have obtained protein balance in ten experiments on two 
individuals and shall be hardly justified taking an average of the two sets 
of figures. However, the average of protein requirement values obtained by us 
is 46*4 g. protein and is in excellent agreement with the Sherman value of 44 "4 g. 
protein but is lower than the Leitch and Duckworth (loc. cit.) value of 50 g. obtained 
bv graphical method. Our observations show that a vegetarian rice diet (600 g. 
rice), typical of that consumed by Indians of the poorer classes and containing about 
54 p’. of protein, is sufficient to maintain an adult in equilibrium but does not contain 
the 3 50 per cent margin which has been advocated by Sherman. The typical wheat 
diet (600 g. wheat), on the other hand, which contained about 74 g. of protein, 
reaches the Sherman standard in this respect. 
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(c) Protein retention . — Balance studies (Tables III to X) show that, at any 
level of protein intake, the rice diet effected better retention of nitrogen than the 
atta diet but at any level of food intake, i.e., weight for weight, the reverse held 
good. On two typical vegetarian diets, containing 600 g. of rice or atta, G. C. N. 
retained about 1*5 g. and 5*1 g. nitrogen respectively. S. N. D., on 500 g. rice or atta 
diet, retained 0*67 g. and 1 *5 g. nitrogen respectively. This clearly establishes 
the superiority of atta over rice in typical dietaries containing equal weights of 
the two cereals in respect of capacities to fulfil the protein requirements of 
the body. 

(d) Digestibility and biological value of mixed protein. — The percentage diges- 
tibility of rice in Indian dietaries was studied by McCay (1910). He showed that 
the percentage absorption of food nitrogen with a diet containing 25 oz. rice and 
4 oz. dhal was only 52 per cent, while at higher level of rice intake it was still lower, 
approximately 45 per cent. The results on the digestibility of rice diets obtained 
in the present investigation (Table X) are in general agreement with those of McCay. 
The average values of the coefficient of digestibility of the mixed proteins in rice 
and atta diets have been found to be 62 and 78 respectively. The lower values 
obtained by McCay are due to his not taking the metabolic nitrogen of the faeces, 
i.e., nitrogen excreted in the faeces on a nitrogen-free diet, into consideration in 
calculating the digestibilities. The digestibility of rice proteins obtained by experi- 
ment on human subjects in this investigation is lower than the values obtained 
with rats by Basu and Basak (1937) in this laboratory. It is important to determine 
the biological values of actual dietaries rather than the values of individual food- 
stuffs, since there is the probability that the proteins of the individual ingredients 
in a diet may supplement each other. Supplementary relations between proteins 
of different foodstuffs have already been studied in rat experiments reported from 
this laboratory (Basu and Basak, loc. c it. ; Basu and He, 1938). R esults obtained 
with rats may or may not be applicable to human beings and hence determination 
of the biological values of proteins by experiments on human subjects is 
desirable. 

Basu and Basak (loc. cit.) have previously found the biological value of rice 
to be 80 at 5 per cent level of intake in rat experiments. In the present investi- 
gation the average biological value of the mixed protein of rice, pulse (mung dhal, 
Phaseolus niungo) and vegetables at an average level of 5 per cent intake has been 
found to be 75 and that of whole wheat, pulse, and vegetables at similar level to be 
66*5. The authors are well aware, however, that although a rough comparison is 
legitimate, the biological value of the mixed proteins contained in the diets used 
in these experiments and the figures obtained with individual foodstuffs in other 
investigations are not strictly comparable. 

(e) Effect of ingestion of excess calories. — It is known that available carbo - 
hydrates and also fats (although to a less extent) spare protein and consequently 
facilitate its retention ( cf . Larson and Chaikoff, 1937 ; Cuthbertson and 
Munro, 1937). Some experiments were conducted with rice and with atta diet 
(600 g.), the total calorie intake being gradually increased from 3,000 to 4,000 
by the addition of sugar. Results are grouped in Tables XI and XII. It is 
found that sugar, even when added to an already adequate diet, helps retention 
of protein. 
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Summary. 

1. The minimum nitrogen excretion of two adults (both of 49 kilo body- 
weight) on a protein-free diet was determined and found to be 1-499 g. (G. C. N.) 
and 2-302 g. (S. N. D.) in the urine and 0-946 g. (G. C. N.) and 1-133 g. (S. K D.) 
in the faeces. The total outputs have been found to be 0-05 g. N (G. 0. 1ST.) and 
0-07 g. N (S. N. D.) per kilo body- weight. 

2. The average minimum protein requirements for maintenance per 70 kilo 
body -weight on rice diets, containing rice, pulse, and vegetables, were 37-5 g. 
(G. C. N.) and 53-6 g. (S. N. D.) and on wheat diet containing whole wheat, pulse, 
and vegetables 34-7 g. (G. C. N.) and 60 g. (S. N. D.). Out of thirty metabolism 
experiments the average protein requirement from ten experiments in which 
nitrogen balance was nearly obtained was found to be 46-4 g. protein per 70 kilo 
body-weight. Typical rice or wheat diets resembling those consumed by poor 
Indians without any milk maintain adults in nitrogen balance. The typical rice 
diet does not, while the wheat diet does, contain the allowance of 50 per 
cent above maintenance level advocated by Sherman. 

3. The average values for the digestibilities of mixed proteins of rice and 
whole wheat diets were found to be 62 and 78 respectively and the mean biological 
values 75 and 66-5 respectively. 

4. The retention of protein was greater on a diet largely composed of whole 
wheat than on a diet of equal calorie value containing similar quantities of rice. 

5. Sugar v hen added to a diet already adequate in energy value spares protein 
and effects better nitrogen retention. 
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Op all the known vitamins, vitamin C is the most sensitive to heat. In the 
pure state it is extremely heat-labile, but when it occurs in natural products it can 
resist the destructive action of heat to a considerable extent. Recently, an 
apparent increase of vitamin C on heating has been observed in the case of the 
cabbage (Ahmad, 1935), potato (Levy, 1937), and peas (Oliver, 1936). Three 
different views have been put forward to explain this anomaly. McHenry and 
Graham (1935) hold the view, that in the natural products vitamin C occurs as an 
ester-lilce substance and on the application of heat this ester is hydrolysed and 
the ascorbic acid is set free. Mack and Tressler (1937) suggest that the apparent 
increase is due to the inactivation of the enzyme present in the natural substance. 
Oliver ( loc . cit.) on the other hand, while inclining to the * ester theory ’, accounts 
for the enhanced value of this vitamin to a more complete extraction of the 
cooked materials than the raw one, owing to the softening of woody tissues. 
Though the ester theory has been supported by a number of workers yet the 
explanation offered by Oliver seems to be a very cogent one. The primary aim 
of the present paper is to show the effect of boiling with water on the vitamin-C 
content of a few common auxiliaries of our table, one of which shows a 
remarkably high increase of vitamin C in the process. 

Onion, onion scape, and garlic. 

Several varieties of the stuffs were taken, freed from the outer dried pulp or 
skin, and cut into pieces. Ten grammes of each of the substances were weighed out 
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into a mortar with 2-5 c.c. of 20 per cent triclilor-acetic acid and a few grammes of 
Merck’s sea sand. They were then finely ground with the addition of a few c.c. of 
distilled water and centrifuged. The centrifugate was made up to 100 c.c. and 
titrated against 2 : 6-dichlorophenol-indophenol according to the method of Harris 
and Ray (1933) as modified by Ghosh and Guha (1935) and Guha and Ghosh (1935). 
In the case of pigmented extracts the method of Tillmans el al. (1932) as modified 
by McHenry and Graham ( loc . cit.) was adopted. Three sets of experiments were 
made from stuffs procured from the market on different dates, so as to obtain a 
good average. The results obtained are given in Table I. Another lot of 10 g. 
of each of the substances were taken in a basin and boiled in each case with 150 c.c. 
of distilled water for 15 minutes, the added water being just evaporated by the 
time. They were then taken in a mortar with 2-5 c.c. of 20 per cent trichlor-acetic 
acid solution and a few grammes of Merck’s sea sand and treated in the aforesaid 
manner. The findings are given in Table II. 


Table I. 


Ascorbic acid in mg. per 100 g. 


Onion (Allium ccpa ), 
big variety. 

Onion, medium 
variety. 

Onion, small 

varietjr. 

Onion scape. 

Garlic (Allium 
sativum ). 

8-33 

6*67 

5*56 

8*33 

6*49 

9*09 j 

7*14 

7*14 

14*29 

7*46 

8*33 

7*94 

7*14 

9*09 

7*14 

Average 8*58 

7*25 

0*61 

10-57 

7*03' 


Table II. 


Ascorbic acid in mg. per 100 g. 


Onion (Allium cA > pa ), 
big variety. 

Onion, medium 
variety. 

Onion, small 
variety. 

Onion scape. 

Garlic (Allium 
sativum). 

2*94 

2-50 

1*79 

4*00 

3*70 

3*85 

2-00 

1-85 

8-33 J 

2-63 

2*27 

2*94 

2-00 

G-25 ; 

3-33 

Average 3*02 

2*48 

1*88 

G-19 | 

3*22 
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Chillies. 

Both green and ripe chillies of the several varieties investigated were procured 
fresh from the market each day. The stalks as well as the dust particles adhering 
to the individual chillies were carefully removed. Ten grammes were then weighed 
out in a mortar with 2'5 c.c. trichlor- acetic acid and a few grammes of Merck’s sea 
sand. They were then treated in the usual way. Another 10 g. were then taken 
out and the experiments were repeated by boiling exactly as in the case of the onion. 
The values obtained from the raw and the cooked stuffs are given in Table III and 
Table IV respectively : — 


Table III. 


Ascorbic acid in mg. yer 100 g. 


Unripe. 

Ripe. 

Chillies (Capsicum ) , 
big variety. 

Chillies, 
small variety. 

i 

| 

Chillies, 

Patnai 

variety. 

Chillies, 
big variety. 

1 Chillies, 

| small variety. 

1 

Chillies, 

Patnai 

variety. 

20-00 

9-09 

90-09 

142-85 

166-67 

181*82 

28*57 

10*00 

71*43 

200*00 

166*67 

166-67 

9*52 

10*64 

80*00 

181-82 

83*33 

166-67 

Average 19*36 

9'91 

80-51 

174*89 

138*89 

171*72 


Table IV. 


Ascorbic acid in mg. per 100 g. 


Unripe. j 

Ripe. 

Chillies {Capsicum), 
big variety. 

Chillies, 
small variety. 

Chillies, 

Patnai 

variety. 

Chillies, 
big variety. 

Chillies, 
small variety. 

Chillies, 

Patnai 

variety. 

153-8.) 

100-00 

125-00 

200*00 

153'85 

250-00 

142*85 

125*00 

166-67 

250-00 

166-67 

222-22 

153-85 

i 90-91 

166*67 

i 

99g.i)t) 

’ 

153*85 

1 

i 

181-82 

Average 150*1S 

i 

i 103-30 

152-7S 

224-07 

- - „i 

1 

158-12 j 

218-01 
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From Tables I and II it is evident that onion, onion scape, and garlic lose 
their vitamin C in the process of cooking. The approximate losses sustained 
by the above materials on boiling with water are 65, 40, and 55 per cent, 
respectively. 

Tables III and IY show that a very Small quantity of vitamin C is present in 
the green stuff, while in the ripe one from 2 to 14 times increase is noticed and 
nearly the same increase is observed when a green sample is boiled with water. 
In the former case the combined or ‘ ester ’ form of ascorbic acid becomes free 
by the action of the enzyme during the process of ripening, while in the latter 
case the breaking down of the ester form is effected possibly by the action of heat 
and also to some extent by the softening of the pulps in the process of boiling the 
stuffs with water. The ripe chillies are found to give only about 30 per cent 
increase of the vitamin-C content on cooking which may be accounted for mostly 
by the complete extraction of it from the softening of the pulps. It is also 
noticed that big onions are richer in vitamin C than the small ones and onion 
scape, which is largely consumed in winter, is not a negligible source of the 
vitamin. 
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Tapioca is grown and consumed in Travancore in south-west India. The 
population of Travancore State is some 6 millions and its total area some 7,625 
square miles or roughly 5 million acres. About 2 million acres are under cultivation 
and of these about 400,000 acres are devoted to growing tapioca. According to 
an estimate kindly supplied by the Director of Agriculture and Fisheries, Travancore, 
about 75 per cent of the population consumes tapioca in various forms. In many 
parts of the State it forms the main ingredient in the diet of the poorer classes. 

Karunakaran (1938), in a report to the Technical Commission on Nutrition of 
the League of Nations, makes the following statement : — 

1 One striking change that has occurred in the diet of the people of Travancore during the last 
two or three decades is the general use of tapioca as a staple food, particularly among the 
poorer classes. . . . Lands which 20 or 30 years ago were used for growing horse 
gram and other pulses are now used for the cultivation of tapioca. There can be no doubt 
that this change in agricultural policy is the result of pressure on land. There is no other 
tuber or cereal which, per unit area, can give as many calories as tapioca. It has been 
estimated that 0*7G acre under potato will supply the calorie requirements of an adult 
man for one year, while to obtain the same energy value from wheat 1*45 acre, and for 
milk 3*95 acres, will be necessary. In the case of tapioca 0*2~0*4 acre alone is necessary, 
the average yield of tapioca ranging from 2 to 5 tons per acre. This, in all probability, 
is the reason for the extensive cultivation and use of this food. Tapioca has, undoubtedly] 
helped the people to escape famine and the privations which have often affected other 
parts of India ; but it has, at the same time, accounted for a progressive deterioration in 
their jihysique and an increased incidence of diseases of various kinds \ 

It was observed by Krislman (1939) that children living in a tapioca-producing 
area in Travancore were smaller and lighter at all ages than rice-eating children 
elsewhere in South India. There was no apparent difference in race to account for 
the poorer physique of the tapioca-eaters, and this was ascribed to the consumption 
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of a staple which is defective in various respects. Tapioca, being a root and not a 
cereal, contains only 0-5 to 2-0 per cent of protein, and in addition it is deficient 
in various vitamins and mineral salts. The following analysis of tapioca is taken 
from Health Bulletin No. 23 (1938) : — 


Grammes per 
100 grammes. 

Moisture . . .. 59-40 

Protein . . . . 0-70 

Fat (ether extractives) . . 0-20 
Mineral matter .. P00 


Carbohydrate (by 
difference). 
Calcium 
Phosphorus . . 
Carotene 


Grammes per 
100 grammes. 

39-00 

. . 0-05 

. . 0-02 
. . Nil 


Other investigators have given a slightly higher figure for protein content. 


Experimental. 

The nutritive value of tapioca as a staple is thus a question of practical import- 
ance. In the present investigation we have studied the problem using the rat- 
growth method previously employed to investigate the value of the * poor South 
Indian diet which is largely composed of rice, and the effect of adding various 
supplements to the diet (Aykroyd and Krishnan, 1937a, b). The basal diet used 
in the present experiments was similar to the ‘ poor South Indian diet ’ except 
that rice was replaced by tapioca. Its composition was as follows : — 



Oz. 

Grammes. 

Tapioca ( Manihot utilissima) . . 

.. 21-00 

596-0 

Dhal arhar ( Cajanus indicus) . . 

. . 0-70 

20-0 

Black gram (Phaseolus mungo) 

. . 0-70 

20-0 

Brinjal (Solatium melongena) . . 

.. 1-00 

28-0 

Amaranth leaves (Amaranthus gangeticus) 

. . 0-50 

14-0 

Raw plantain (Musa paradisiaca) 

. . 0-50 

14-0 

Gingelly oil (Sesamum indicum) 

.. o-io 

3-0 

Coco-nut (Cocos nucijera) 

. . 0-05 

1-4 

Meat (mutton) . . . . ' . . 

. . 0-06 

1-7 


The quantities as stated correspond roughly to human adult daily intake. The 
quantities of food other than tapioca included in the diet are roughly equivalent 
to the quantifies of these foods consumed by poor rice-eaters in South India, as 
discovered by diet surveys. The tapioca was obtained from Travancore. 

Groups of 12 young rats, about 50 to 55 grammes in weight, were given the 
above diet, mixed and fed in the proportions indicated, for a period of 10 weeks. 
Each group contained equal numbers of males and females. Supplements of various 
lands were added to the diet and their effect observed. These included casein, 
soya bean, green gram ( Phaseolus radialus), Bengal gram ( Gicer arietinum), horse 
gram ( Dolichos biflorus), dried yeast, cod-liver oil, skimmed milk, and calcium lactate. 
The quantities of the supplements included in the basal diet (with the exception of 
calcium lactate) corresponded with additions which might feasibly be made to 
human diets and are stated in grammes and ounces. 
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The results of these experiments are given in the Table and the growth curves 
of certain groups are shown in the Chart — 

Table. 


The results of feeding young rats on a tapioca diet and the same diet 

variously supplemented. 


Diet. 

Average weekly 
increase in 

weight (g.). 

Remarks. 

Tapioca diet alone 


All animals died 
within 10 weeks. 

»» 

55 

+ 2 drops cod diver oil daily per rat 

1 

do. 



Supplements incorporated in the diet. 



55 

5 5 

+ 0*25 oz. (7 g.) calcium lactate . . 

•* 

do. 

55 

55 

-f 0*5 oz. (14 g.) dried yeast 

•• * 

Five died. 

55 

55 

+ 1*5 oz. (42 g.) cdsein 

5*9 

All survived. 

99 

55 

+ 1'5 oz. (42 g.) casein + 0*25 oz. (7 g.) 
calcium lactate. 

6*5 

do. 

99 

55 

+ 1*5 oz. (42 g.) casein + 0*25 oz. (7 g.) 
calcium lactate + 0*5 oz. (14 g.) dried 
yeast. 

6*2 

do. 

99 

55 

+ 1*5 oz. (42 g.) skimmed milk powder 

4*4 

do. 

99 

55 

+ 0*64 oz. (18 g.) casein 

2*7 

One death. 

99 

55 

4- 3*5 oz. (100 g.) soya bean 

1*5 

No deaths. 

99 

55 

+ 1*5 oz. (42 g.) soya bean 

*• 

7 deaths. 

99 

55 

+ 2*6 oz. (73 g.) green gram (Phaseohis 
r a drains). 

0*8 

1 

2 deaths. 

99 

55 

+ 3*8 oz. (108 g.) Bengal gram (Ciccr 
arietinvm). 

1*7 

do. 

99 

55 

+ 2*9 oz. (82 * g.) horse gram (Dolichos 
bijlorus). 

•• 

All died. 



142 The Defects of Tapioca as a Staple Food. 

Chart. 



Weekly increase in weight on the tapioca diet, etc. 


The addition of cod-liver oil and calcium lactate had little effect, and with the 
yeast supplement 5 of the animals died and the remainder failed to grow. The 
addition of a pure protein (casein from milk) had, however, a marked effect. The 
animals survived and the weekly increase in body-weight was in the neighbour- 
hood of 6 grammes. Similarly, skimmed milk, which contains both casein and 
lactalbumen, was of definite supplementary value. 

An attempt was made to compare the effect of pulse protein with that of casein. 
The addition of 3-5 oz. of soya bean provided as much protein as 1*5 oz. of casein ; 
while, however, this supplement enabled the animals to survive, growth (1-5 g. per 
week) was very poor. The supplements of 1*5 oz. of soya bean, 2-6 oz. of green gram, 
3-8 oz. of Bengal gram, 2-9 oz. of horse gram, and O' 64 oz. of casein supplied roughly 
equivalent amounts of protein. None of the pulse supplements, given in these 
quantities, was effective. Seven animals in the group receiving this proportion of 
soya bean died and all the animals died in the horse-gram group. _ The green-gram 
and Bengal-gram groups showed a higher survival rate but .little increase in weight 
occurred. Presumably the relatively low biological value of the proteins of these 
pulses (Swaminatban, 1938) partially accounts for their failure to act as effective 
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supplements to tlie tapioca diet in the quantities given. A similar quantity of 
animal protein (0'64 oz. casein) had a better effect. 

Tapioca and rice diet . — While these experiments were in progress a diet survey 
was carried out in a tapioca -eating area in Travancore (Krishnan, loc. cit.). A group 
of 9 families was investigated. The diet of these families differed from the * tapioca 
diet ’ described above in that it contained a fair proportion of rice and also of yams. 
Its average composition (per adult man per day) was approximately as follows : — 


Tapioca and rice diet. 



Oz. 

Grammes. 

Tapioca ( Manihot utilissima) 

.. 18-00 

509-0 

Milled parboiled rice 

. . 9-00 

255-0 

Dhal arliar ( Oajanus indicus ) . . 

.. 1-00 

28-0 

Brinjal ( Solatium melongena) 

.. 1-00 

28-0 

Amaranth leaves ( Amaranthus gangelicus) 

. . 0-05 

1-4 

Yams (Amorpliophallus campanulatus ) 

. . 5-00 

140-0 

Banana (green) ( Musa sapientum) 

.. 1-00 

28-0 

Milk 

. . 0-50 

14-0 

Meat 

.. 0T0 

3-0 

Fish 

. . 0-60 

17-0 

Coco-nut oil 

. . 0-25 

7-0 


This diet was fed to a group of young rats.' All survived, average weekly 
increase in weight being 3-3 g. The addition of 1*5 oz. of casein, however, enhanced 
the nutritive value of this diet for rats ; with this supplement the weekly increment 
was 5-8 g. 


Discussion. 

In previous papers (Aykroyd and Krishnan. 1937c/-, b) we pointed out that rat- 
growth experiments of this nature give only an indication of the nutritive value of 
human diets and of the additions to such diet's which are likely to prove most valuable. 
‘ They do, however, give us a line to follow in the difficult 'task of discover- 
ing methods of improving the South Indian diet consistent with economic realities \ 
The present experiments should be viewed in this light. It may also be recalled 
that the young rats used for the growth experiments are well stored with vitamin 
A at the outset, so that the vitamin-A content of the basal diet and the supplements 
have little effect on the experimental results. It was previously recorded that the 
animals given the tapioca diet supplemented with cod-liver oil all died. 

Young rats, fed on a tapioca diet containing other foods in quantities corres- 
ponding to those contained in typical South Indian diets, die in a few weeks. While 
it does not necessarily follow that human beings cannot survive on such a diet the 
experiment does suggest that tapioca has great disadvantages as a staple food 
and points a warning. Broadly, the fact emerges that the main deficiency of the 
tapioca diet is in the quantity and probably the quality of protein which it contain * 
The low protein, content of tapioca is an ascertained fact. The biological value 
of tapioca proteins has not, however, as yet been investigated. 



144 


The Defects of Tapioca as a Staple Food. 


The addition of yeast and calcium lactate had little effect. In the calcium 
lactate group all died ; in the yeast group about half the animals survived for 10 
weeks but did not grow. The failure of the tapioca diet to support life cannot there- 
fore be explained as a result of a lack of the vitamin-B complex or calcium. Similar 
additions of yeast and calcium lactate improved the nutritive value for rats of 
the ‘ poor South Indian diet largely based on rice (Avkroyd and Krisknan, 
19376). 

The supplements of casein and skimmed milk powder, on the other hand, 
improved the basal diet and enabled the animals to survive and grow a little. The 
addition of yeast and calcium lactate to the casein-supplemented diet did not produce 
any further enhancement of the growth rate ; it is probable that in these experiments 
insufficiency of first class protein remained the limiting factor in growth. Vegetable 
proteins contained in pulses are less effective supplements than milk proteins. 

The tapioca and rice diet, based on the result of an actual diet survey, was of 
higher nutritive value. Additional protein is provided by rice, to some extent by 
the small quantities of milk, fish, and meat included, and to a very small extent by 
vegetables. The proteins of rice are of relatively high biological value (Swami- 
nathan, loc. cit.). Nevertheless the diet is deficient in protein, as is shown by the 
supplementary effect of casein. There are no means at present of knowing how far 
this diet is typical of that consumed in the tapioca-eating areas of Travancore. 
It appears, however, that the consumption of tapioca is increasing in this part of 
India, and the tendency is in the direction of a diet containing more tapioca and less 
rice and other foods. The present experiments suggest that this change, which may 
be largely due, as Karunakaran (loc. cit.) suggests, to population pressure, is a most 
undesirable one, which will have a deleterious effect on the health of the people. 
The defects of a diet largely based on tapioca should be realized by the public health 
and agricultural authorities concerned, and an attempt made to check or reverse 
the tendency. In tapioca-eating areas, there is a special need for foods rich in 
proteins of high biological value, such as milk, fish, or meat. Policies for improving 
diet require a somewhat different orientation in tapioca-eating and rice-eating areas. 
In the former the emphasis should be on the protein factor. The main deficiency 
of the poor rice-eater’s diet, on the other hand, is not in protein, but rather in certain 
vitamins, notably -various elements in the B complex, and calcium. 


Summary. 

1 . Young rats fed on a diet largely composed of tapioca, containing in addition 
pulses, vegetables, etc., in amounts corresponding to the usual consumption of poor 
rice-eaters in South India, die within a few weeks. 

2. The addition of casein or skimmed milk to this diet permits survival and 
an average weekly increase in body-weight of about 6 g. for 10 weeks. 

3. A supplement of soya bean, given in such quantities that the addition of 
rotein was equivalent to that supplied by a supplement of 1*5 oz. casein, was less 

effective, weekly increase in weight being only 1-5 g. Supplements of soya bean 
and other pulses containing about half this amount of protein produced little growth 
and ! deaths occurred in these experimental groups. 
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4 . ' Cod-liver oil and calcium lactate had no effect on the survival rate. On 
the basal diet supplemented by yeast 5 out of 12 animals died. 

5. Animals fed on a tapioca and rice diet based on the results of a diet 
survey survived, but growth was poor. The diet was improved by the addition 
of casein. 

6. It is concluded that tapioca as a staple is unsatisfactory because of a 
deficiency in the quantity, and possibly the quality, of its protein. The present 
tendency, in certain parts of India for the consumption of tapioca to increase at 
rhe expense of that of other foods including rice, is undesirable from the standpoint 
of nutrition. 
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THE INFLUENCE OF VARYING LEVELS OF CALCIUM 
INTAKE ON THE BIOLOGICAL VALUE OF 

PROTEINS. 

BY 

M. SWAMINATHAN. ' 

(Nutrition Research Laboratories, I. R. F. A., Coonoor, S. India.) 

[Received for publication, March 31, 1939.] 

It has been shown in this Laboratory that the nutritive value of the c poor 
South Indian diet ’ for rats is increased by the addition of a calcium salt, and this 
result has been confirmed by experiments on school children (Aykroyd and Krishnan, 
1937, 1938). The ‘ poor South Indian diet ’ is composed largely of rice, a cereal 
deficient in calcium. The author (Swaminathan, 1937 b, c, d) has shown that, 
while the proteins of mixtures of rice and different pulses are of fairly high 
biological value, the addition of small quantities of skimmed milk powder to such 
mix tures increases the biological value of the proteins. Milk, in addition to 
conta inin g first class protein, is rich in calcium. Toepfer and Sherman (1936) 
observed that ‘ increase in the calcium or calcium and phosphorus content of an 
already adequate diet resulted in a more rapid and more efficient growth with 
greater economy in the use of food \ 

Conceivably, the effect of calcium in supplementing the ‘ poor South Indian 
diet ’ might be to some extent due to an improvement in the biological value of 
the proteins contained in the diet, resulting from better assimilation and utilization. 
To test this possibility, an experiment has been carried out in which the biological 
value of a mixture of casein and rice protein was determined at varying levels of 
calcium intake. 

Experimental. 

The composition of the basal and other diets is shown in Table I. The casein 
and the rice supplied about equal amounts of protein, and the level of protein intake 
was approximately 10 per cent in all the diets. In diets 2 to 5 the calcium content 
of the basal diet was increased from 0-036 per cent to 0-4 per cent by the addition 
of calcium lactate, the diets being similar in other respects. According to Sherman 
and Booher (1931), the percentages of calcium in diets ‘ used in a colonv for numer- 
ous families of rats throughout several generations ’ were 0-19 and 0-33 respectively 
These workers reported that increase of calcium intake above these levels (to 0-5 
per cent) did not have any effect on the growth rate although it increased the 
calcium content of the skeleton. It may be assumed that in the present experiments 

( W7 ) 
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the lower levels of calcium (0-011, 0-036, and 0-091 per cent) were below the require- 
ments of the rat, while the higher intakes (0-108 and 0-400 per cent) approximated to 
normal or optimum requirements. The amount of calcium contained in a quantity 
of the experimental diets yielding 2,600 calories, or approximately the daily 
requirements of an adult man, is shown in Table I. It will be seen that, if a human 
being consumed the experimental diets in the proportions indicated, his calcium 
intake would rise from a point far below his generally accepted requirement — which 
may be roughly stated as 0-5 g. — to a point considerably above this level. 

Table I. 


Composition of the diets. 


Ingredients of the diet. 

Diet 1, 
basal diet, 
g- 

Diet 2, 

g- 

Diet 3, 
g* 

Diet 4, 
g' 

Diet 5, 
g- 

Diet 6, 
nitrogen- 
free 
diet, g. 

Rice, raw, milled 

87*0 

87*0 

87*0 

87*0 

87*0 

• . 

Casein (purified) 

5*0 

5*0 

5*0 

5*0 

5*0 

. - 

Starch 

4*0 

3*8 

3*45 

2*9 

1*0 

82-0 

Coco-nut oil 

10*0 

10*0 

10*0 

10*0 

10-0 

10*0 

Salt mixture (Ca free) 

2*0 

2*0 

2*0 

2*0 

5-0* 

5*0* 

Calcium lactate 


0*2 

0*55 

1*1 

. . 

. . 

Cod-liver oil 

3*0 ; 

3*0 

3*0 

3*0 

3*0 

3*0 

Protein, per cent 

10*35 

10*35 

10*35 

10*35 

10*35 

. • 

Calcium, per cent . . 

0*011 

0*036 

0*091 

0*168 

0*400 

0*388 

Calcium, per 2,600 calories 

0*065 

0*213 

0*541 

1*004 

2*433 

*• 


(With 4 c.c. of an aqueous solution of yeast extract corresponding to 1 g. of dried yeast daily 
to each rat.) 

* McCollum’s salt mixture containing calcium (5 g. supplied 0*4 g. calcium). 


The two well-known methods of determining the biological value of proteins 
were employed : (1) the nitrogen-balance method for the * maintenance ’ of nitro- 
genous equilibrium using adult rats, and (2) the growth method using young rats. 
In the latter method, in which the experiment lasted for a period of 4 weeks, the 
rats were kept in metabolism cages and the nitrogen metabolism also was followed. 
Full details regarding the technique have already been published (Swaminathan, 
1937a, b). The data regarding the metabolism and growth experiments are given 
in Tables II and III respectively. In the balance experiments (Table II) the same 
5 animals were used for all experiments, the figures given representing an average 
for the 5. In the growth experiments (Table III) each rat group consisted of 6 
animals and again mean values are given. The results obtained by both methods 
are summarized in Table IV. 



Nitrogen-balance experiments : biological values and digestibility co-efficients. 

(Figures of intake and excretion represent the daily average for the groups on different diets.) 
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Table IV. 


The average weekly increase in body-weight and the biological 

value of proteins. 


Diet 

number. 

Protein 
in diet, 
per cent, j 

I 

Calcium 
in diet, 
per cent. 

Average weekly 
increase in 
body-weight, 

Biological value 
(by the growth 
method). 

Biological value 
(b}^ the nitrogen- 
balance method). 

1 

i 

i | 

10*35 i 

o-oii 

6*0 

1-20 

67 

2 

10-35 

0-036 

l 

i 

9-0 

1-81 

| 

65 . 

3 

10-35 

0-091 

| 

9-0 

1-73 

63 

4 

10-35 

0*168 

8*8 

1-74 

i 

64 

5 

10-35 

0-400 

i 

10-5 

1 

i 

, 91 

66 


Discussion. 

The level of calcium intake did not appear to have any influence on the values 
obtained by the nitrogen-balance method with adult rats. While it is possible that 
a very low or high calcium intake over a long experimental period might influence 
the nitrogen balance, the usual duration of experiments of this nature is probably 
too short for any such effect to be produced. With regard to the growth experi- 
ments, it was found that growth was retarded when the calcium intake was ex- 
tremely low (0-01). A level of calcium as low as 0036 per cent in diets containing 
10 per cent of protein and adequate in other respects, allows approximately 
normal growth in young rats during a period of 4 weeks. Further increase in the 
calcium content of the diet up to 0-4 per cent does not appreciably affect the 
increase in body-weight per gramme of protein ingested. 

Toepfer and Sherman ( loc . cit.) determined the gain per gramme of protein 
m a senes of rat growth experiments in which intake of calcium was varied. The 
gam per gramme of protein was uninfluenced by the percentage of calcium in the 
met, so that their findings are in agreement with those reported in this paper. 
Their results are summarized in Table V. 
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Table V. 


Gain m weight per gramme of protein at varying levels of calcium intake 
( Toepfer and Sherman , loc. cit.). 


Diet 

number. 

Protein 
in diet, 
per cent. 

Calcium 
in diet, 
per cent. 

Phosphorus 
in diet, 
per cent. 

Gain in body’- 
weight. 

Gain per 
1,000 
calories, ' 
g* 

Gain per * 
gramme of 
protein, 
g* 

| 1 

Males, 

g- 

Pern ales, 
g- 

16 

' 13*5 

0*2 

0-4 

65 ± 2* 

53 ± 2 

71*8 ± 0-5 

1-99 ± O'OG 

168 

13 ’4 

0*64 

1 

0*4 

76 ± 2 

75 ± 2 

74*5 i 0-9 

2-05 ± 0-03 

369 

13*3 

0-80 

0*53 

70 i 2 

62 i 1 

77-6 ± 0*6 

2-14 ± 0-01 

2GS 

13*3 

0‘80 

0-4 

64 ± 2 

57 ± 1 

66*3 ± 0*6 

1-86 ± 0-02 


*Prolmblc error. 


Summary. 

The. biological values of a mixture of casein and rice proteins, as determined 
by the standard nitrogen-balance and growth methods, were not affected by 
changes in the- calcium content of a series of experimental diets. The calcium 
content of the diets ranged from 0-036 to 0-4 per cent. 
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The superiority of serum-phosphatase estimation over phosphorus and calcium 
determination for the diagnosis of rickets is now well recognized. Recent work 
has revealed certain relationships between the activity of blood phosphatase and 
certain dietary deficiencies. Typical poor South Indian diets are very, deficient 
in mineral salts, particularly calcium ; in a- series of experiments on rats it was 
found that the addition of calcium lactate to such diets enhances growth and 
improves the general condition of the rats (Aykroyd and Krishnan, ]937). It 
was, therefore, thought that a study of the changes in serum-phosphatase activity 
which might occur when such diets are consumed would be of interest. The 
present paper describes an investigation of the phosphatase activity of the blood 
serum of rats fed on a poor South Indian diet supplemented by calcium lactate 
and excess of fat. 

Experimental. 

Blood was drawn from the abdominal aorta of the rats under ether anaesthesia, 
the animal being subsequently killed. The serum was prepared immediately by 
centrifuging. 

The phosphatase activity was determined according to the method described 
by Bodansky (J 937) with slight modifications. In the method described by 
Bodanslcy, magnesium salt is not used for activation of the phosphatase. Since 
magnesium is an essential activator for the alkaline phosphatases of tissues and 
blood, the influence of magnesium on serum phosphatase of rats, and the optimum 
concentration of magnesium necessary for the activity of the phosphatase, were 
determined. 0-01 mol. MgChCHoO was found to be the optimum concentration 
for the activity of the phosphatase, and in all the determinations of activity the 
magnesium concentration in the reaction mixture was adjusted to this value 
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The buffered substrates were made up daily in the proportions described 
below : — 

45 c.c. of N/10 glycine-NaCl mixture 

5 c.c. N/10 NaOH 

0-5 gr. sodium-/?-glycerophosphate (Merck) 

50 c.c. water. 

Total volume = 100 c.c. pH = 8-9. 

Determination op phosphatase activity. 

Ten c.c. of the buffered substrate mixture were taken in a series of test-tubes 
and 1 c.c. of magnesium chloride solution and 0-5 c.c. of water were added to each. 
The test-tubes were tightly stoppered and kept in a thermostat at 35°±0-l°C. 
After the mixture attained the temperature of the bath, 0-5 c.c. of serum was added, 
and the digestion was allowed to proceed for 1 hour. At the end of this period 
8 c.c. of 10 per cent trichloracetic acid were added and the contents filtered through 
Ho. 44 Whatman filter-paper. The inorganic P in the filtrate was estimated by the 
method of Piske and Subbarow (1925). The inorganic P originally present in the 
serum was also determined. The difference between the two values represents 
the activity of the phosphatase. Bodansky’s table and factors to allow for the 
effect of Beer’s law and for the influence of /3-glycerophospliate and trichlor- 
acetic acid on the colorimetric readings were used for the calculation of the activity 
in Bodansky’s units. 

Activation op serum-phosphatase activity by magnesium. 

In the method described by Bodansky for the determination of the phosphatase 
activity of human serum, magnesium salt was not added to the digestion mixture. 
Since magnesium is an indispensable activator for the phosphatases of animal 
tissues in general, it was thought that the addition of magnesium salt in optimal 
amounts to the reaction mixture would be necessary for obtaining a correct value 
of the activity. In Table I are presented the results of experiments on the influence 
of magnesium as MgCL^HoO on the serum-phosphatase activity of rats : — 

Table I. 

Influence of magnesium on serum-phosphatase activity. 


Magnesium 

concentration. 

Phosphatase 

units. 

0 .. 

14*2 

0-0005 M 

16*8 

0-005 M 

21*5 

0-010 M 

21*6 

0-020 M 

20*8 
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The results recorded in the above table show that the optimum concentration 
of magnesium salt for complete activation lies at 0-005 mol. to 0-01 mol. In 
subsequent experiments, the activity was determined in the presence of 0-01 mol. 
concentration of magnesium chloride. 

Changes in serum-phosphatase activity in preserved serum . — In Table II are 
presented the results of observations on the effect of preserving serum at 0°C. 
on the activity of the phosphatase both in the presence and in the absence of 
magnesium. 


Table II. 

Serum-phosphatase activity in preserved serum. 



Serum- ph os pn at ash units. 


Without 

magnesium. 

With magnesium 
(0-01 mol.). 

i 

! 

1* Fresh serum No. I 

14*2 

21*6 

Preserved serum No. I (kept at 0°C. for 

24 hours). 

17*S 

i 

23*4 

2. Fresh serum No. II 

19*2 

30*2 

Preserved serum No. II (kept at 0°C. for 
24 hours). 

25'0 

30*0 


The results show that the activity in the absence of magnesium is increased, 
while the activity in the presence of magnesium is not much influenced on keeping 
the serum at 0°C. for 21 hours. Bodansky (1937) also observed 7 to 23 per cent 
increase in phosphatase activity when blood serum was kept at room temperature 
for 1 hour and 23 hours in the refrigerator. It is clear, therefore, that the 
phosphatase of serum on keeping at 0°C. appears to respond less readily to 
magnesium activation than the phosphatase of fresh serum. These findings 
are in conformity with the previous observations made bv Giri (193S) who 
showed that the phosphatase of liver, kidney, and brain are less susceptible 
to magnesium activation when the aqueous extracts are kept for some time 
at room temperature. 
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The scrum -ph osphatase activity of rats fed on the poor South Indian diet and the 
same diet supplemented by calcium lactate and fat. — Five groups of rats, weighing 
about 50 grammes, were fed on the following diets : — 


Gkoup 

99 


I : Poor South Indian diet.* 
II: 


99 99 


99 99 


III : 


'9 9 9 


IV: 

V: 


99 


99 


+ calcium as calcium lactate (0 - 08 
per cept Ca supplement). 

+ calcium lactate (0-16 per cent 
Ca supplement). 

+ gingelly oil (10 per cent). 

+ lard (10 per cent). 


The calcium supplements were roughly equivalent to 0 - 01 gramme and 
0 - 02 gramme per rat per day, respectively. 

Water and food were given ad libitum. The serum-phosphatase activity was 
determined after eight weeks. In Table III the results of these experiments are 
presented : — 

Table III. 


Serum-phosphatase activity of rats fed on the poor South Indian diet, 
supplemented with calcium lactate and fat. 


Diet. 


Poor South Indian diet 


Poor South Indian diet + 
as calcium lactate. 


Rat 

number. 

Serum-phosphatase 

units. 

Without 

magnesium. 

With 

magnesium. 

1—2 

28*4 

37*5 

3-4 

29*0 

43*8 

5-0 

1 9*2 

10*9 

7-8 

17*2 

17*2 


* The composition of the diet is as follows (Aykroyd and Krishnan, loc. c it .) : — 

Grammes. 


Raw 7 polished rice 

Dhal arhar ( Cajamts indicus ) 

Black gram (Phascolus mungo) 
Gingelly oil 

Brinjal (Solarium mdongena) 
Amaranth (Amaranthus gangeiicus) 
Raw plantain (Musa paradisiaca) 
Mutton •• •• 

Coco-nut ( Cocos nusifera ) . . 


600*0 

20*0 

20*0 

2*8 

28*0 

14*0 

14*0 

1*7 

1*4 



Ii. V. Giri and K. L. Shourie. 


157 


Table III — concU. 


Serum-phosphatase 

units. 


Diet. 1 

| number. 

i 

' Without 
magnesium. 

j 

! With 

1 magnesium. 

Poor South Indian diet - \ - 0*16(hper cent Ca J 

f ! 

9-10 

19*0 

26*4 

as calcium lactate. ] 

i; 

11-12 

18*4 

1 

26-8 

Poor South Indian diet + gingelly oil (10 per 


13-14 ! 

64-2 

85*2 

cent). 


15-16 ! 

88-9 

117*2 

Poor South Indian diet + lard (10 per cent) . . 

17-18 

46*0 

59*6 


It can be seen from Table III that the addition of calcium lactate to the basal 
diet lowers the serum-phosphatase activity, while the addition of fat has the 
opposite effect. 

With a view to confirming the effect of fat on serum-phosphatase activity, 
another experiment was carried out using young rats weighing about 50 grammes. 
The rats were divided into three groups. The first group was given the basal diet, 
while the second and third groups received the same diet supplemented with varying 
amounts of fat. Serum-phosphatase activity was determined after three weeks. 
The results are presented in Table IV : — 

Table IV. 


Influence of additional fat on serum-phosphatase activity. 


Diet. 

Total fat in 
the diet. 
Per cent. 

Serum-phosphatase units 
| (in the presence of 

0*01 mol. Mg.). Average 
for 3 rats. 

Poor South Indian diet .. .. . . 

0*4 

22*0 

Poor South Indian diet + gingelly oil 

2*0 

43*1 

Poor South Indian diet -f excess of gingelly oil . . 

5*0 

179*0 (average for six 


i 

rats). 


Discussion. 

It is a well-established fact that serum-phosphatase activity is related to bone 
diseases such as rickets, osteomalacia, osteitis deformans. Recent studies by 
several workers have shown that the blood phosphatase of youno- animals is very 
sensitive to dietary influences. Smith (1933) has shown that the activity of plasma 
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phosphatase- of infants fed on * artificial diets ’ was higher than that of breast-fed 
children. The experiments of Bodansky and Jaffe (1934) on rats have shown that 
the plasma-phosphatase activity of young growing rats on a Sherman diet was 
lower than that of rats on a meat diet. Bodansky and Jaffe from their clinical 
study of children have shown that serum calcium and inorganic phosphorus are 
not reliable criteria of the severity of rickets or of the rate of healing of rickets, but 
that the phosphatase values may be used as a criterion of the effectiveness of the 
treatment. This important relationship between serum-phosphatase activity and 
bone diseases has led many workers to study the effect of diets which are not 
optimal in Ca and P content on the level of serum phosphatase. Actually rickets 
is not very common in South India. The poor South Indian diet is however 
in general deficient in the important mineral calcium and the effect of such a diet 
is to produce a high serum-phosphatase activity. 

Auchinachie and Emslie (1933) have shown that disordered metabolism of 
Ca and P is associated with a marked increase of plasma phosphatase in sheep. 
This increase, which occurred in animals on an inadequate diet, took place appreci- 
ably earlier than the fall in serum Ca, and before any other sign of disordered 
metabolism had appeared. Thus, the change produced by a deficient diet in the 
plasma phosphatase in sheep provides a much earlier indication of disordered Ca 
and P metabolism than either the serum Ca, the blood inorganic P, the general 
state of health, or the body-weight. Diets deficient in Ca were found to produce 
an increase in the plasma phosphatase in these animals. Poultry (1934) also found 
that the plasma phosphatase of sheep on diets low in Ca but high in P increased 
considerably. The results obtained in the present study on the influence of calcium 
lactate on serum-phosphatase activity of rats fed on the poor South Indian diet 
are in conformity with the findings of the above workers. Another interesting 
finding is the considerable increase in the serum-phosphatase activity of rats fed 
on excess of fat. The physiological significance of this is not yet clear. 

Summary. 

The serum-phosphatase activity of rats fed on a poor South Indian diet was 
higher than that of rats receiving the same ration supplemented with calcium 
lactate. Addition of extra fat to the basal diet was found to increase the serum- 
phosphatase activity. 
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Peptic ulcer in India lias a peculiar geographical distribution. While gastric 
and duodenal ulcers are very common in South India, they are rare in North 
India. From a study of the hospital returns from different parts of the country, 
McCarrison (1936) has shown that peptic ulcer (gastric and duodenal) is 58 times 
more common in the South than in the North. Somervell and Orr (1936) 
have recorded its frequency in Travancore State in South India. Bradfield (1927) 
made some interesting observations on the subject. He found that ulcers of 
the stomach and duodenum are very common in South India and occur amongst 
every race and caste. 

The cause of the greater incidence of the disease in South India is at present 
unknown. Several factors may be responsible. One of the important differences 
between the races of the North and South is in dietary habits. In, general, the 
diet of the people of large areas in North India consists of ‘ ehapatties 5 made 
of whole-wheat flour, and contains milk and milk products, and pulses in fair 
abundance. In South India rice is the staple article of diet ; milk and mill: 
products, vegetables, and fruits enter into the diet but sparingly. In Travancore, 
a considerable proportion of the population consumes tapioca in combination with 
rice. It may thus be said that in general the diet of the wheat-eating peoples 
of the North is richer in protein and in certain vitamins and minerals than that 
consumed in the South. 


( 159 ) 
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While there is a general impression that dietary defeM s may either pre-dispose 
to or he in some way causally related to peptic ulcer, no convincing evidence has 
been brought forward to substantiate this view. As a preliminary approach 
to the problem, the pathological changes occurring in the stomach and duodenum 
of individuals suffering from peptic ulcer and normal individuals have been 
studied in detail. Similar investigations have been carried out on animals fed 
on various types of deficient diet. 


Material and method of investigation. 


The clinical material for investigation was obtained from various Government 
and Mission Hospitals in South India. Much of this was obtained during 
laparotomy for peptic ulcer. Through the co-operation of Civil Surgeons 
in Travancore, Malabar, and North India, autopsy material for study was 
collected. The clinical and autopsy material may be divided into the following 
groups : — 

A. Clinical material. — (i) During operations for the re-section of duodenal 
ulcer, a small piece of the stomach, at a distance from the ulcer, was removed in 
order to discover whether any variations from the normal were present in the mucosa 
and muscle of the stomach as a whole. 

(ii) A portion of the stomach or duodenum proximal or distal to the pylorus 
was excised for histological investigation from patients subjected to laparotomy 
for suspected ulcer, but in whom no ulcer was found on operation. 

B. Post-mortem material. — In order to provide a standard of comparison for 
changes found in the stomach at a distance from ulcers, an effort w r as made to collect 
post-mortem material from persons in South India dying a violent death, e.g., as 
a result of accident, hanging, or post-operative shock. Similar autopsy material 
was also collected in North India. 


C. Experiments with rats. — Groups of young albino rats obtained from the 
healthy and wnll-fed stock of the Coonoor Laboratories were fed on the 
following diets : — 

(i) A diet based largely on raw milled rice resembling in composition that 
consumed by human beings in certain parts of South India. — The composition of 
the diet, which is known in the Laboratories as the c cheap Madrassi diet ’, was 
as follows : — 


Raw milled rice 
Dhal arhar ( Cajanus ivdicus) 
Black gram (Phaseolus mungo) 
Gingelly oil (Sesamum indicum) 
Brinjal ( Solanum mdongena ) 
Amaranth (Amaranthus gangeticus) 
Raw r plantain (Musa paradisiaca) 
Meat (Mutton) 

Coco-nut 


Oz. 

G. 

21-00 

596 

0-70 

20 

0-70 

20 

o-io 

3 

1-00 

28 

0-50 

14 

0-50 

14 

0-0G 

1*' 

0-05 
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(ii) A diet consisting mainly of tapioca and rice, with various additions . — 
This diet in general resembles that consumed in the tapioca-producing areas 
of South India. 



Oz. 

G. 

Tapioca root ( Mavihot ulilissima ) . . 

10-000 

281 

Parboiled rice 

10-000 

284 

Chillies ( Capsicum annmrn) 

0-125 

3 

Tamarind ( Tamarindus indicus) 

0-125 

3 

Kaw plantain 

0-500 

14 

Brinjal 

0-500 

11 

Coco-nut oil 

0-250 

7 


The animals were killed after different periods of feeding on the above 
diets and pathological investigation of the stomach and duodenum carried out. 
The period of feeding before the animals were killed and examined varied from 
8 to 18 months. Albino rats of roughly the same age from the stock served as 
controls. The latter received a good ration consisting of c atta (whole wheat) 
chapatties 5 smeared 'with butter, fresh raw cabbage, fresh raw carrots, sprouted 
Bengal gram, cow’s fresh raw milk, and meat, twice a week. 

D. Experiments with dogs . — Seven dogs w r ere kept in moderate confinement 
with regulated exercise and given a fairly well-balanced diet based on rice, meat, 
bread ad lib., and milk two ounces daily. These experiments were carried 
out in Miraj (S. India). Each dog w r as anesthetized and, under suitable aseptic 
conditions, portions of the duodenum and pyloric end of the stomach were 
removed to study the normal histology of these organs, and the gap closed ^ by 
suturing. After a suitable interval to permit of recovery from the operation, 
the dogs were fed on an extremely deficient diet consisting mainly of tapioca. 
At the end of two and four months’ feeding on this diet, the animals were 
subjected to laparotomy and biopsy as before. Pieces of stomach and duodenum 
were removed for pathological examination, the scars left by the previous 
sections being avoided. 

The tissues so obtained were fixed in formol saline. Preparations for histo- 
logical study were made in the usual manner, employing paraffin embedding and 
staining by Ehrlich’s acid hsematoxylin and eosin. The rats w r ere killed by air 
embolism and the organs removed and fixed immediately after death. The 
biopsy material from dogs and most of the human material was similarly fixed 
i mm ediately after removal. During the later part of the investigation, prepara- 
tions were made both from the animal and human specimens using' a modified 
Nissl staining technique, in order to study the cytological changes in the 
ganglion cells of Auerbach’s plexus. 

Description of findings. 

A. ( i ) Sections obtained by biopsy from cases of peptic ulcer . — Of the 39 stomachs 
re-sected, only four showed a normal mucosa. The mucous membrane in the re- 
maining 35 specimens showed varying degrees of infiltration with plasma cells and 
lymphocytes. In the more advanced degrees of invasion, the normal mucosal 
glands were widely separated and reduced in number, the intervening spaces being 
J, MR n 
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crammed with round cells. In the deeper part of the mucosa, aggregation of 
lymphoid elements occurred to form follicles and, in some instances, the whole of 
the sub-mucosal space was one lymphoid area with aggregation into follicles at 
intervals. 

The lymph follicles frequently showed abscess formation with spaces in the 
centre filled with necrotic cells. In some sections the follicles were seen to have 
ruptured and a cleft or erosion in the mucosa extended down to the crater of the 
follicle. 

Round-celled infiltration of the muscle layers was present in some cases, but 
never to a severe degree. 

Changes in Auerbach's plexus . — The following description of the normal Auer- 
bach’s plexus is based on our own observations and data contained in various text- 
books. The plexus is found in the fibrous septum between the longitudinal and 
circular layers of the muscular coat of the gastro-intestinal tract and consists of 
numerous small ganglia, united by small bundles of nerve fibres, most of which are 
non-medullated. The nerve cells of the plexus vary much in size and shape and 
are grouped to form the ganglia. These ganglia are not easy to find in normal tissue. 
Each ganglion consists of three or four, or sometimes more, nerve cells surrounded 
by some endothelial cells or glial cells (Holsti, 1931). The nerve cells are larger than 
any other cells in the preparation ; they are pear-shaped or oblong with one end of 
the oblong rounded. They contain a large, clear, spherical nucleus with well-formed 
nucleoli, usually solitary, and a * pattern ’ of chromatin rods and dots. The 
nucleus is retractile and is generally centrally placed and surrounded by a well- 
marked membrane. 

In sections stained by Nissl’s method, finely dispersed ISJissl granules are seen 
in the cell cytoplasm. 

Some of the tissues received during the early part of the investigation could 
not be used for a study of the plexus, as these v r ere not fixed and prepared in a manner 
suitable for the demonstration of changes in ganglion cells. Changes in the ganglion 
cells occur very early after death and only tissues which have been fixed immediately 
post mortem provide reliable material for study. For satisfactory examination, 
it is necessary to have tissues taken at operation or from animals killed by air 
embolism, and fixed immediately. 

In. 25 suitable specimens studied, the following points were noted : — 

(1) In no case was a normal plexus observed, though isolated groups of normal 
cells were seen in several specimens. 

(2) In most cases the plexus was enlarged, cedematous, and infiltrated with 
round cells and fibroblasts. The normal glial cells of the plexus were increased. 
Cellular infiltration of the plexus was, however, not a constant feature and was 
absent in some cases showing considerable degeneration of the ganglion cells. A 
thick capsule was sometimes observed around the degenerated plexus. 

The ganglia of Auerbach’s plexus were easily recognized in the sections, 
due to the general swelling of the plexus or atrophy of the ganglion cells. In the 
normal section recognition -was more difficult. 
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Varying degrees of degenerative changes were found in the ganglion cells. 
Such differences in degree were often present in the same specimen or sometimes in 
the same ganglion. The changes varied from cloudy swelling (chromatolysis) to 
complete degeneration of the cell. 

The cells were often swollen, the cell outlines indistinct or uneven, and the 
cytoplasm homogeneous. In sections stained by Nissl’s method, the cytoplasm 
was stained an even blue colour devoid of granules. The nuclei were swollen and 
did not stain well ; in some instances, they were distorted and showed a defective 
nuclear membrane. In some cells the nuclei were shrunken, eccentric in 
position, and granular in appearance ; the nucleoli were indistinct with the Nissl 
granules collected round the nucleus. In others the nucleoli were fragmented 
or absent. 

A more advanced degree of degeneration was present in some cells. The cells 
were smaller than formal, vacuolated, and shrunken ; the nuclei were pyknotic, 
pushed to one side of the cell or partly extruded, and appeared elongated and flat- 
tened. Some cells showed complete disintegration of chromatin and disappearance 
of the nucleus and only skeletons of dead or degenerated cells were observed. In 
the more advanced cases, the ganglion cells had completely disappeared, leaving 
empty spaces in the ganglion which appeared as a large syncytial mass infiltrated 
with round cells and fibroblasts. 

' The number of ganglion cells involved in the degenerative process and their 
distribution in the plexus varied considerably in the several specimens. In some 
ganglia, normal cells were seen alongside degenerated cells, showing that the changes 
observed were not due to defects in histological technique. Groups of ganglion 
cells have disappeared in some specimens, while in some advanced cases marked 
changes were found in a large number of cells of the plexus. 

(ii) Biopsy material from cases with symptoms of ulcer, hut no demonstrable ulcer 
at operation. — One of us (I. M. 0.) has encountered from time to time cases which 
give a history very like of peptic ulcer, in which no ulcer is demonstrated by A’-ray 
examination. The duodenal cap, however, is found to fill with difficulty as a 
. result of pyloro-spasm preventing the stomach contents from passing freely into the 
duodenum. When the duodenal cap does fill, it presents an irregular outline and 
empties rapidly and is tender on pressure. This condition is labelled as ‘irritable 
duodenum ’ by the radiologist and is frequently associated with powerful and rapid 
peristalsis of the antrum. It has been described' by Garry (1937) and Friedenwald 
and Feldman (1934). 

In spite of an indefinite A-ray report, the symptoms and signs simulated ulcer 
so closely in 10 patients that finally a laparotomy was undertaken. No ulcer was 
found but a small portion of the duodenum or the antrum proximal to the pylorus 
was removed for histological study. 

In all 10 specimens, the mucosa, particularly the superficial part, was infiltra- 
ted with lymphocytes. In six cases, aggregations of Ivmphoid elements to form 
follicles were found and some of the follicles showed evidence of bursting on to the 
surface of the mucosa. Occasionally, an erosion of the surface mucosa' led down 
to an erupted follicle. 
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Changes in Auerbach’s plexus identical with those described in the previous 
section were also found in this group. In only one specimen in this series were 
there found normal ganglion cells in large numbers ; even in this specimen, 
groups of cells in the earlier stages of degeneration were found and the invasion 
'by round cells and swelling of the ganglia betrayed commencing degenerative 
changes. 

B. Post-mortem material from persons in South and North India with no history 
of ulcer . — Fresh post-mortem material is exceedingly difficult to obtain in India 
owing to the religious and social customs of the people. Eight good specimens 
(stomach and duodenum) were obtained, however, in South India, the subjects being 
criminals after execution or persons dying in hospitals from the effects of violence 
or post-operative shock. 

As none of the above material was especially collected and preserved with a 
view to showing the nerve plexus in good condition, changes in the ganglion cells 
could not be studied in six cases as the possibility' of post-mortem degeneration 
could not be excluded. In two cases, however, in which a post-mortem 
examination was carried out very soon after death, specimens suitable for this 
purpose were obtained. 

As in the previous groups, all the sections showed round-celled infiltration of the 
mucosa and one showed hyperplasia of lymphoid follicles similar to that seen in the 
definitely pathological cases. 

The two specimens in -which Auerbach’s plexus was investigated are of 
special interest. Both were taken from the stomachs of persons who died under 
an anaesthetic from an operation for a condition in no way related to the 
gastro-intestinal tract. Both showed early degeneration of the ganglion cells of 
Auerbach’s plexus. Only one showed any marked degree of lymphocytic 
infiltration of the mucosa. 

Seven specimens were collected from post-mortem examinations made shortly 
after death in North India. These showed a normal healthy mucosa. No lymphoid 
follicles were observed and no evidences of inflammation were present in the 
mucous membrane. In two specimens in which Auerbach’s plexus was 
demonstrated, it appeared to be normal. 

C. The stomach and duodenum of rats fed on the ‘ cheap Madrassi diet ’ and the 
* tapioca diet ’. — The rats were weighed at weekly intervals. The animals failed to 
grow satisfactorily and lost weight in the later part of the experiment. Those that 
had any coincident disease were rejected as not being suitable for a study of the 
nerve cells. 

The following observations were made : — 

]. None of the animals showed ulcer of the stomach or duodenum. 

2. Inflammatory changes in the mucosa of the stomach or duodenum were 
slight or absent in the rats fed on the deficient diets for less than six months. Mild 
inflammatory changes such as round-celled infiltration of the mucosa were found 
occasionally in the animals fed on the diets for a year or more. Aggregation of the 
lymphoid cells to form follicles were present only in rare instances. 
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3. Degenerative changes in Auerbach’s plexus were progressive and could be 
definitely demonstrated even in rats fed on the deficient diets for a few months only. 
In general, rats, fed on the f tapioca diet ’, showed the changes earlier than the 
animals fed on the ‘ cheap Madrassi diet In both groups the degenerative changes 
in the plexus were roughly proportional to the period of deficient feeding. These 
changes are similar to those found in human cases of ulcer. Hyperplasia of glial 
cells and infiltration of the ganglia by round cells and fibroblasts were, however, 
rarely present. 

In well-fed stock animals the nerve cells of the plexus appeared in groups of 
three to five cells, with large clear nuclei and well-marked nucleoli and nuclear 
membrane. Pyknosis of the nucleus or other evidences of degeneration were, 
however, occasionally found. The cell bodies could be demonstrated in most 
instances even by the ordinary staining methods. Few glial cells were present 
in the ganglia, but no fibroblasts weie seen. On the whole the differences 
in the appearance of the plexus in the well-fed and deficiently-fed groups were 
striking. 

D. Experimental material from dogs fed on a fairly well-balanced diet followed 
by a ‘ tapioca diet ’. — In the specimens of the stomach and duodenum removed before 
the tapioca diet was given, a healthy mucosa was seen. In one case, however, slight 
round-cell infiltration of the gastric mucosa, suggestive of early gastritis, was 
present. Auerbach’s plexus appeared normal and closely resembled the plexus in 
the normal human stomach and duodenum. The ganglion cells were accompanied 
by few glial cells and there was little or no infiltration by lymphocytes, plasma 
cells, or fibroblasts. In the normal plexus, an occasional pyknotic or degenerative 
form was seen but the great majority of the cells conformed to the normal as 
described in the preceding sections. 

All the dogs fed on the tapioca diet lost weight and appetite. Two animals 
developed ascites and two finally died of intussusception. At the end of four months 
of deficient feeding, the animals which survived were emaciated and ill and hence 
allowed to die under the anaesthesia after biopsy. 

None of the dogs developed ulcer of the stomach or duodenum. 

Examination of the specimens removed at the end of two and four 1 months res- 
pectively showed definite changes in the plexus. The ganglion cells were pyknotic 
or degenerative ; there was a great increase in the fibrous tissue and the plexus 
was surrounded by a capsule. Marked infiltration of the ganglia by round cells 
was observed and the condition of the plexus became similar to that found in human 
cases of ulcer. 

While the plexus changes were definite and constant, the changes in the mucosa 
were varied in degree. A tendency to increased round-celled infiltration and hyper- 
plasia of lymph follicles was noted but the marked gastritis and duodenitis of the 
human ulcer cases were not observed. 


The changes in the plexus and the mucosa lesions were not parallel as regards 
time of appearance and intensity. The former, in general, appeared earlier; in 
some specimens, which showed marked plexus degeneration, no noteworthy changes 
in the mucosa could be discovered. In one case, already referred to, the first "or 
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‘ healthy ’ section showed early gastritis hut the ganglion cells were normal. The 
plexus changes are thus not the direct result of a gastritis or duodenitis, hut may 
precede such conditions. 

Plates II to VII illustrate the changes described in the preceding 
sections. Figs. 1 to 14 show changes in the mucous membrane and plexus in • 
human cases. Figs. 17, and 21 to 23 illustrate the normal appearance of the 
plexus in dogs and rats respectively. 


Discussion. 

Definite pathological changes were found in the mucosa and the intra-mural 
nerve plexus of the stomach and duodenum at a considerable distance from the 
peptic ulcer. The lesions of the mucosa — round-celled infiltration and an increase 
in the size and frequency of lymphoid follicles — are characteristic of chronic gas- 
tritis or duodenitis and may be either the precursor, the accompaniment, or the 
result of ulcer formation. The presence of similar changes in specimens from indivi- 
duals complaining of symptoms suggestive of ulcer, but in whom no ulcer crater 
could be demonstrated by .X-rays or at operation, suggests that the chronic inflam- 
matory condition precedes ulcer. This view is supported by the fact that many 
persons who suffer from typical ulcer symptoms and are operated on without any 
ulcer being found, undergo a second operation a year or more later, a typical ulcer 
having developed in the interval. 

It is; however, important to note that similar appearances were observed in 
post-mortem material obtained from individuals not complaining of symptoms 
referable to gastro-duodenal lesions. This suggests that such changes occur widely 
in the general population and that per se they do not necessarily give rise to peptic 
ulcer. 

Duodenitis and gastritis, with similar histological appearances to those observed 
by us in the human cases, have been described by several workers (Faber, 1927, 
1935 ; Johnston, 1934 ; Friedenwald and Feldman, loc. cit. ; Fitzgerald, 1931 ; 
Wellbrock, 1930; Judd and Nagel, 1927 ; ICellog, 1933; Konjetznv, 1923 ; and 
others). Smith (1902-3) records that he found on many occasions, when ulcer 
was suspected, no ulcer but only small erosions. Microscopically, these were 
follicular abscesses which ruptured and were thought to be the beginning of 
ulcers. Simonds (1938) described the mode of origin of experimental gastric 
ulcer induced by cinchophen. The following sequence is interesting when 
compared with our findings : — 

1. (Edema of single or multiple villi. < 

2. Diffuse infiltration of villi with plasma cells and lymphocytes. 

3. Superficial erosions. 

4. Focal accumulation of polymorphs in the villi, just above the muscularis 

mucosfe often accompanied by liquefactive necrosis. 

5. Narrow fistula-like channels extending from such foci to the surface. 

6. Large deep ulcers. 
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Fig. 1. 

Fig. 1. Gastric mucosa from a case of duodenal 
ulcer showing hypertrophy, lymphocytic infiltration, 
a follicular abscess, and superficial erosion. X 50. 


Fig. 2. 

Fig. 2. Auerbach’s plexus of stomach from a case 
of duodenal ulcer showing infiltration with round 
cells and fibroblasts. The nuclei of the ganglion cells 
are pyknotic, flattened, and pushed to one side of 
the cell. X 280. 
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Plate IV. 



Fig. 9. Fig. 10. 


Figs. 9 and 10. Sections of pyloric antrum from a case with symptoms of ulcer, but no demonstrable 
ulcer at, operation, showing infiltration of the mucosa with lymphocytes and hyperplasia of tyrnph follicles 
(Fig. 9) ; Auerbach’s plexus shows degenerative changes (Fig. 10). Fig. 9. X 50 ; Fig^ 10. X 280. 



Fig. 11. Fig. 12. 

Figs. 11 and 12. Sections of duodenum from a person in South India (obtained post mortem), with 
no history of ulcer, showing round cell infiltration of the mucosa and a lymph follicle which has erupted 
on the surface forming superficial mucosal erosion (Fig. 11); Auerbach’s plexus is swollen and the ganglion 
cells show degenerative change*. Fig. 11. x dO ; Fig. 12. x 2S0. = 


Plate VII. 





Explanation of Plate VII. 

Figs. 21, 22, and 23. Auerbach’s plexus of stomach of rats fed on the ‘ stock ’ 

diet, x 280. 

„ 24, 25, and 26. Auerbach’s plexus of stomach of rats fed on the * tapioca 
, diet ’ for 9, 12, and 14 months, respectively. X 280. 

„ 27, 28, and 29. Auerbach’s plexus of stomach of rats fed on the * cheap 

Madrassi diet ’ for 9, 14, and 16 mouths, respectively, 
X 280. 
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The superficial mucosal erosions formed by the breaking down of one or more of 
the lymphoid follicles tend to heal rapidly and may not leave a trace. Conceivably 
a number of such follicles rupturing close together might coalesce into an ulcer which 
would become chronic on account of its size and the continued action of the gastric 
juice. One reason why ulcer is confined largely to the pyloric antrum and duodenum 
may be . the greater accumulation of lymphoid elements in these regions and 
the possibility of multiple follicular abcesses coalescing to form one large ulcer. 
Miller (1906) has given a closely similar description of the early phases of a 
peptic ulcer. 

The pathological changes found in the Auerbach’s plexus are interesting in 
relation to the neurogenic theory of the genesis of peptic ulcer. Most of the animals 
fed on the deficient diets showed degenerative changes in the ganglion cells before 
any mucosal infiltration was noticed. From a study of serial sections in animals 
killed after various periods of deficient feeding, it was evident that the earlier patho- 
logical lesions in the nerve cells were degenerative ; in the later stages, however, 
the plexus shared with the mucosa the general inflammatory change. The lesions 
of Auerbach’s plexus reported here closely resemble those described by Stohr (1932) 
in stomachs re-sected for ulcer. 

The significance of changes in Auerbach’s plexus in relation to peptic ulcer is 
obscure, as the exact function of the plexus is not clearly understood. It is gene- 
rally agreed that the plexuses of Auerbach and Meissner act as local nerve centres 
for the gastro-intestinal tract. Alvarez (1928, 1929) believes that the centre of 
control of muscle movement and secretion lies in the muscle wall itself and the com- 
plicated impulses of the vagus and sympathetic are co-ordinated in Auerbach’s 
plexus. Possibly degeneration of the plexus may lead to spasm, hypersecretion, 
and abnormality in function of the delicate mechanism of the pyloric antrum and 
pylorus. Evidence in support of this hypothesis has been brought forward by several 
workers who have studied cardio-spasm and Hirschsprung’s disease. Etzel (1937) 
investigated cases of cardio-spasm occurring among the poorer people of Brazil and 
described changes in Auerbach's plexus in the oesophagus closely similar to those 
observed by us. Robertson and Kernohan (1938) reported similar changes in the 
myenteric plexus in Hirschsprung’s disease. 

McCarrison (1921) found degenerative changes in the myenteric plexus in 
animals (monkeys and pigeons) fed on deficient diets. These changes were 
frequently associated with motor imbalance, spasm, and intussusception. The 
fact that two dogs fed on the ‘ tapioca diet ’ died of intussusception is of interest 
in connection with the above findings. Similar observations were also made by 
Magee, Anderson and McCallum (1929) with cavies fed on deficient diets. 

The frequency of intussusception in adults in Travancore was pointed out by 
Orr (1932) and it was suggested that an overaction of the vagus might be the 
cause. 

In this connection mention may be made of the theory which associates peptic 
ulcer in Europeans with nervous strain and anxiety, leading to hyperperistalsis, 

pyloro-spasm, and hypersecretion. 

Morton (1934) observed that when pyloric dysfunction was produced by 
encircling the pvlorus with a ring of living jejunal muscle, inflammatory changes 
took place In the mucosa of the stomach and duodenum. Superficial erosions, 
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infiltration with leucocytes and plasma cells, congestion of the capillaries, oedema 
and fibrosis were noted. There was also increased glandular and epithelial activity 
and hypertrophy of the lymph follicles. This picture closely resembles that 
described in this paper and labelled chronic gastritis. 

The plexus changes observed in our experimental animals were presumably 
the result of diet deficiency, and it is probable that the verv similar changes in the 
human specimens were due to the same cause. The present investigation does not, 
however, indicate what specific deficiency or deficiencies in the diet may be held 
responsible. One of us (Radhakrishna Rao, 1936) has described similar changes 
in the Gasserian ganglion in animals fed on diets deficient in vitamins A and B^ 
Similar but less marked changes were found in Auerbach’s plexus in rats and rabbits 
fed on vitamin-A deficient diets (Radhakrishna Rao, 1939). 

We have shown that degenerative changes in the plexus occur in cases of peptic 
ulcer and also in cases likely to develop ulcer at a later stage. Chronic inflammation 
of the mucosa accompanies or follows these lesions. Such inflammatory changes 
have been observed in individuals living on rice or tapioca diets not suspected of 
gastro-duodenal lesions. In rats and dogs fed on ill-balanced rice or tapioca diets 
similar changes in the plexus and less marked changes in the mucosa of the stomach 
and duodenum have been noted. In the North Indian specimens examined, 
inflammatory changes in the mucosa, which in the other clinical and experimental 
specimens were found in combination with plexus degeneration, were not present. 
While the observations recorded are suggestive, we do not at this stage wish to 
draw any definite conclusions about the aetiology of peptic ulcer in South India. 
It is to be noted that we have not been able to produce peptic ulcer in animals by 
deficient feeding. 

Summary. 

1. The high incidence of peptic ulcer in South India is described. An attempt 
is made to investigate its pathogenesis. 

2. Histological study was made of the changes in the stomach and duodenum 
occurring in cases of gastric and duodenal ulcer, in human controls, and animals 
fed on deficient diets. 

3. In cases of peptic ulcer evidences of chronic gastritis or duodenitis and 
degenerative changes in Auerbach’s plexus were observed in the stomach or 
duodenum at a considerable distance from the ulcer. Similar changes were also 
noted in patients with subjective symptoms of ulcer in whom no ulcer was found 
at operation. 

1. Study of post-mortem material from subjects in North and South India 
respectively in whom there was no reason to suspect gastro-duodenal lesions showed 
that the stomach and duodenum in the former- were normal in histological 
appearance, while, in some of the latter, lesions in the mucosa and intra-mural nerve 
plexus, similar to those found in cases of ulcer, were present. 

5. Degeneration in Auerbach's plexus, accompanied by some changes in the 
mucosa, has been consistently observed in’ rats and dogs fed on diets resembling 
those consumed by the poorer classes in the Madras Presidency and Travancore 
(south India). 
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6. The significance of the above changes in relation to peptic ulcer is dis- 
' cussed. 
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Since the isolation of the male sex-hormone androsterone in the crystalline 
condition from human urine by Butenandt and his co-workers (1932, 1934) and 
its preparation from epi-dihydro-cholesterol in the laboratory by Ruzicka ct al. 
(1934), extensive studies on sterols and sex-hormones have been made. 

Recent observations that sterols other than ergosterol can be made to develop 
antirachitic projierties fWindaus et ah, 1935, 1936, 1937) and investigations on the 
transformation of sterols into male as well as female sex-horinones have added 
greatly to the interest in this line and have led to the search for new sterols and 
sterol-derivatives in the plant and animal kingdoms. 

In previous communications (Nath, 1937a, b. c) it has been shown that artos- 
tenone. the new stenone which has been isolated from the Indian summer fruit 
Arlocarpus intcgiifolia , is almost similar to other sterols in constitution, thus 
possessing, like sterols and sex-hormones, four condensed rings in a molecu3e. This 
has recently been substantiated (Nath and Mukherjee, 1939) by crystallographic 
investigations by means of X-rays, the results of which will shortly be published 
elsewhere. 


( HI ) 
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It has previously been found that unlike all other sterols it contains no hydroxyl 
group on C 3 in ring I, but has a keto group on Ci 2 in ring III (Nath, loc. tit.). 

Haying gained an insight into the internal structure of the artostenone mole- 
cule which resembles more or less the mother substances of sex-hormones, it was 
thought desirable to prepare, by elimination of the side chain, etc., some of its 
derivatives which might be similar to androsterone or some compound related 
to this, in their activities towards the development of the secondary sex organs 
in animals. 

Working on the principle of Ruzicka et at. (loc. cit.) with some modifications, 
it has been found possible to prepare from artostenone, a hydroxyketone, melting 
at 172°C. to 173°C., and the name ‘ artosterone ’ has been proposed for the substance 
(Nath, 1939). Details of the methods of procedure and of the chemical and physical 
properties of this newly prepared substance will shortly be published. It is to be 
recorded here that the melting point of artostenone, its mother substance, is 109°C. 
(Nath, 1937d), that of androsterone, the preparation showing male-hormone action, 
being 174-5°C. (Ruzicka et al., loc. cit.). 

With a view to ascertain whether ‘ artosterone ’ has any physiological acti- 
vity, a series of investigations have been undertaken on different lines on different 
animals, the present communication representing the results of the study of its 
activity on sexually immature male rats. 

Detection and assay of androgens (male hormones) by means of the prostate 
reaction were first developed by Moore et al. (1930). They found that a perfectly 
normal rat prostate can be regenerated in 20 days even on a daily injection of "a 
very small dose (0T capon unit) of testis-tissue concentrate, in rats castrated about 
three months previously. They also observed a marked influence on prostate 
development in young rats, sexually immature. 

Laqueur et al. (1931, 1934, 1935) used the method of seminal-vesicles reaction 
to estimate the activity of androgenic substances. This method was also adopted 
by Ogata and Hirano (1934) in determining the rat unit of a substance possessing 
male-hormone activity. Wang and Wu (1933) and Tsehopp (1935), however, have 
shown that the seminal-vesicles test cannot be taken as specific for male hormones. 
Tsehopp found that crystalline theelin, when injected in daily doses of 50 y to 100 y 
for 21 days, can stimulate the growth of seminal vesicles to an even greater degree 
than the same or higher doses of crystalline androsterone. 

Korenchevsky and his associates (1932a, b, 1933a) have made extensive 
investigations on the effects of testicular hormones on rats, both castrated and 
sexually immature, by the method of weight-increase of the secondary sex organs, 
especially the prostate and seminal vesicles taken together. The effects of andro- 
genic substances on other organs and glands as well, have also been recorded. Koren- 
chevsky (1932«) recommended that, for comparative studies, rats should be 
selected from the same litter and made the following statement : “ . . . for 
the simple assay of testicular hormones two rats as controls and two rats for 
injection are sufficient to obtain accurate information with regard to the 
positive influence of the extract ”. Korenchevsky and Dennison (1935) actually 
prefer to take the percentage increase of the weight of prostate and seminal vesicles 
together to that of the prostate alone ; for they are of opinion that the combined 
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prostate and seminal- vesicles reaction represents the ‘ whole male sexual activity \ 
while the prostate reaction is an indication of ‘ comb-growtli ’ activity. It can be 
seen from their results that for doses of 200 y, 450 y, 600 y, and 900 y of andros- 
terone, percentage increases in the combined weight of prostate and seminal 
vesicles are 46, 110, 145, and 221 or when calculated per 200 y of androsterone are 
46, 48, 48, and 49, respectively. The rat unit (R. U.) has been recommended as the 
minimum daily dose which, when injected twice a day during seven consecutive 
days into castrated rats, will produce an average increase of 40 per cent in the 
weight of the prostate plus seminal vesicles, as compared with untreated castrated 
litter-mates. Thus 170 y androsterone has been suggested as one R. U., one capon 
unit (C. U.) varying from 150 y to 200 y of androsterone. 

The present investigation deals with the effect of artosterone on the develop- 
ment of the secondary sex organs (especially the prostate arid seminal vesicles), the 
endocrine glands, such as thymus and thyroid, and other important organs, such as 
liver, spleen, heart, and kidneys, of sexually immature male rats as compared with 
the development of those of the normal litter-mates as controls. A very small 
quantity of substance (artosterone) was available at the outset and the number of 
young rats at our disposal was not very great. These were sufficient, however, as 
recommended by Korenchevsky (1932a) to obtain accurate information on the 
androgenic properties of the substance. 

Detailed investigations on the assay of artosterone by prostate and seminal 
vesicles development of castrated male rats and by comb-growth of capons, etc., 
are in progress. 


Technique. 

In each set of experiment there were at least two rats for injection of the same 
dose of androgenic substance and two as controls, all the four being selected from 
the same litter. The experiments were begun with rats of about one month old, 
weighing from 67 g. to 82 g. Doses of 50 y and 500 y of artosterone were injected 
daily and this was continued for 21 days. 

In preparing the oily solution of the substance, it was dissolved in requisite 
amount in alcohol which was then poured into the calculated amount of warm 
olive oil. Alcohol was then removed as completely as possible in vacuo at 75°C 
to 80°C. 

Regarding the quantity of solution which should be used per injection, it was 
pointed out by Korenchevsky e/. al. (1932) that when more than 0-2 c.c. of oily solution 
was injected per day subcutaneously, on autopsy there was found some unabsorbed 
oil in the subcutaneous tissue at the place where the injections had more recently 
been made. In order that there may be proper absorption of the oil in the 
system we have adopted the method of intramuscular and subcutaneous injections 
alternately, and the daily injection of 0-2 c.c. solution was the maximum amount 
used. 

The method which has generally been adopted for controlling animals by the 
previous investigators, is that they are allowed to remain as untreated or unin- 
jected, and injections have only been given to the experimental ones. 
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It has previously been found that unlike all other sterols it contains no hydroxyl 
group on C 3 in ring I, hut has a keto group on Ci 2 in ring III (Nath, loe. cit.). 

Haying gained an insight into the internal structure of the artostenone mole- 
cule which resembles more or less the mother substances of sex-hormones, it was 
thought desirable to prepare, by elimination of the side chain, etc., some of its 
derivatives which might be similar to androsterone or some compound related 
to this, in their activities towards the development of the secondary sex organs 
in animals. 

Working on the principle of Ruzicka et al. (loe. cit.) with some modifications, 
it has been found possible to prepare from artostenone, a hydroxyketone, melting 
at 172°C. to 173°C., and the name ‘ artosterone ’ has been proposed for the substance 
(Nath, 1939). Details of the methods of procedure and of the chemical and physical 
properties of this newly prepared substance will shortly be published. It is to be 
recorded here that the melting point of artostenone, its mother substance, is 109°C. 
(Nath, 1937d), that of androsterone, the preparation showing male-hormone action, 
being 174-5°C. (Ruzicka et al., he. cit.). 

With a view to ascertain whether ‘artosterone’ has any ,1 ■ \ ' 1 . 1 ' 

vity, a series of investigations have been undertaken on differen • ■ ■ : ' ' ■ ■ . ■ 

animals, the present communication representing the results of the study of its 
activity on sexually immature male rats. 

Detection and assay of androgens (male hormones) by means of the prostate 
reaction were first developed by Moore et al. (1930). They found that a perfectly 
normal rat prostate can be regenerated in 20 days even on a daily injection of a. 
very small dose (0-1 capon unit) of testis-tissue concentrate, in rats castrated about 
three months previously. They also observed a marked influence on prostate 
development in young rats, sexually immature. 

Laqueur et al. (1931, 1934, 1935) used the method of seminal-vesicles reaction 
to estimate the activity of androgenic substances. This method was also adopted 
by Ogata and Hirano (1934) in determining the rat unit of a substance possessing 
male-hormone activity. Wang and Wu (1933) and Tschopp (1935), however, have 
shown that the seminal-vesicles test cannot be taken as specific for male hormones. 
Tschopp found that crystalline theelin, when injected in daily doses of 50 y to 100 y 
for 21 days, can stimulate the growth of seminal vesicles to an even greater degree 
than the same or higher doses of crystalline androsterone. 

Korenchevskv and his associates (1932a, b, 1933a) have made extensive 
investigations on" the effects of testicular hormones on rats, both castrated and 
sexually immature, by the method of weight-increase of the secondary sex organs, 
especially the prostate and seminal vesicles taken together. The effects of andro- 
genic substances on other organs and glands as well, have also been recorded. Koren- 
chevsky (1932a) recommended that, for comparative studies, rats should be 
selected from the same litter and made the following statement : “ . . . for 
the simple assay of testicular hormones two rats as controls and two rats for 
injection are sufficient to obtain accurate information with regard to the 
positive influence of the extract ”. Korenehevsky and Dennison (1935) actually 
prefer to take the percentage increase of the weight of prostate and seminal vesicles 
together to that of the prostate alone ; for they are of opinion that the combined 
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prostate and seminal- vesicles reaction represents the c whole male sexual activity 
while the prostate reaction is an indication of ‘ comb-growth ’ activity. It can be 
seen from their results that for doses of 200 y, 450 y, 600 y, and 900 y of andros- 
terone, percentage increases in the combined weight of prostate and seminal 
vesicles are 46, 110, 145, and 221 or when calculated per 200 y of androsterone are 
46, 48, 48, and 49, respectively. The rat unit (It. U.) has been recommended as the 
minimum daily dose which, when injected twice a day during seven consecutive 
days into castrated rats, will produce an average increase of 40 per cent in the 
weight of the prostate plus seminal vesicles, as compared with untreated castrated 
litter-mates. Thus 170 y androsterone has been suggested as one R. U., one capon 
unit (C. U.) varying from 150 y to 200 y of androsterone. 

The present investigation deals with the effect of artosterone on the develop- 
ment of the secondary sex organs (especially the prostate arid seminal vesicles), the 
endocrine glands, such as thymus and thyroid, and other important organs, such as 
liver, spleen, heart, and kidneys, of sexually immature male rats as compared with 
the development of those of the normal litter-mates as controls. A very small 
quantity of substance (artosterone) was available at the outset and the number of 
young rats at our disposal was not very great. These were sufficient, however, as 
recommended by Korenchevsky (1932a.) to obtain accurate information on the 
androgenic properties of the substance. 

Detailed investigations on the assay of artosterone by prostate and seminal 
vesicles development of castrated male rats and by comb-growth of capons, etc., 
are in progress. 


Technique. 

In each set of experiment there were at least two rats for injection of the same 
dose of androgenic substance and two as controls, all the four being selected from 
the same litter. The experiments were begun with rats of about one month old, 
weighing from 67 g. to 82 g. Doses of 50 y and 500 y of artosterone were injected 
daily and this was continued for 21 days. 

In preparing the oily solution of the substance, it was dissolved in requisite 
amount in alcohol which was then poured into the calculated amount of warm 
olive oil. Alcohol was then removed as completely as possible in vacuo at 75°C 
to 80°C. 

Regarding the quantity of solution which should be used per injection, it was 
pointed out by Korenchevsky el al. (1932) that when more than 0-2 c.c. of oily solution 
was injected per day subcutaneously, on autopsy there was found some unabsorbed 
oil in the subcutaneous tissue at the place where the injections had more recently 
been made. In order that there may be proper absorption of the oil in the 
system we have adopted the method of intramuscular and subcutaneous injections 

alternately, and the daily injection of 0-2 c.c. solution was the maximum amount 

used. 

The method which has generally been adopted for controlling animals by the 
previous investigators, is that they are allowed to remain as untreated or unin- 
jected, and injections have only been given to the experimental ones. 
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II has appeared advisable to us to inject the same amount of olive oil without 
artosterone in control rats to avoid any error due to the stimulating effect of 
pricking with the needle or any action of the oil itself and this has been done in the 
case of all controls. 

Regarding the diet of the experimental rats, we preferred using the usual diet 
(i.e., whole-wheat flour and milk in equal quantities supplemented with cod-liver 
oil and vegetable juice) to artificially prepared ones. • 

At the end of the experimental period the animals were weighed and then killed 
by chloroform. On dissection the organs were separated as far as possible 
from the adhering fat and foreign tissue and plunged immediately for fixation and 
preservation in Bouin’s fixative (modified by Allen) which consists of saturated 
solution of picric acid 75 c.c., formalin 15 c.c., glacial acetic acid 10 c.c., and urea 
1 g- 

The retroperitoneal fat which gives a quantitative measure of the deposition 
of body fat in rats was weighed while fresh, without further treatment. 

The possibilities of sources of error which may affect the result, if the weights 
of the organs are taken immediately after dissection, without using any fixative 
solution, are as follows : — 

(a) Degree of removal of water from the organs in the experimental animals 
and controls may not be uniform. 

(i b ) With prolonged exposure to the atmospheric air while dissecting and 
weighing, some parts may undergo some degree of decomposition. 

(c) Fresh organs may adhere to the weighing bottle, thus causing slight 
loss while removing from it. 

(i d ) Separation of the adhering fat and foreign tissues are not so easy and 
complete as after fixation. 

(e) As all the experimental rats have to be killed on the same day, the task 
becomes an impracticable one if the weight of all the organs has 
to be taken, while fresh. 

For histological studies, dehydration of the fixed and hardened tissue, 
preparing blocks, cutting sections, staining and mounting, etc., were done in the 
usual way. Haamatoxylin and eosin were used as the staining and counterstain- 
ing materials respectively. 

The microphotographs of the sections were prepared with the help of Miflex 
(Zeiss) microphotographic apparatus. 


Experimental. 

The Table shows the average actual weights and those calculated per 200 g. of 
bodv-weight of the secondary sex organs, endocrine glands, and some other organs 
of rats injected with artosterone, compared with those of the organs of normal 
litter-mates (injected with the same amount of oil only) and their percentage 
changes. 



Plate VIII. 



Fig. 1. Section of vas deferens of a control rat. X 70. 



Fig. 2. Section of vas deferens of a rat injected with artosterone 
(50 y per day), x 70. 


Plate IX. 




Fi* 4 Section from a testicle of a rat injected with artosterone 
c ‘ ' (50 y per day). X 630. 
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Table. 




Control rats. 

Rats injected with artosterone. 

Organs. 

Actual 

(average). 

m 

50 

y 

500 y 



body- 

weight. 

Actual 

(average). 

Per 200 g. 
bodjr- 
weight. 

Actual 

(average). 

Per 200 g. 
body- 
weight. 

Prostate with 

seminal r 

627 


770 

1,340 

789 

1,360 

vesicles (nig.). 

| 







Per cent change 

.. 1 

— 

•• 

23 

19 

25 

21 

Penis (mg.) 

" 1 

56 


64*5 

112 

59 

, 

103 

Per cent change 

.. i 

* • 

* * 

15 

11 

5 

2 

Testes (g.) 

f 

1- 55 


1-48 

2*58 

1*52 

2*66 

Per cent change 



•• 

—4 

“7 

“2 

“4 

Thymus (mg.) 


186 

335 

159 

276 

179 

314 

Per cent change 



. . 

“15 

“17 

“4 

“6 

Thyroid (mg.) 


42*1 

75-8 

43*2 

75-0 

42*2 

74-0 

Per cent change 

■ * 

- • 


3 

“1 

0 

“2 

Liver (g.) 


mm 


6*08 

10*56 

5*38 

9*44 . 

Per cent change 



•• 

8 

5 

i 

“4 

“6*5 

Spleen (g.) 


■SB 


0*52 

0-90 

0*46 

0*81 

Per cent change 


•• 


11 

8 i 

-1-5 

“4 

Kidnej^s (g.) .. 


■■ 

1*35 

0*84 

P46 

0*84 

1*45 

Per cent change 

• • 


•• 

11 

8 

11 

8 

Heart (g.) 

•• f 

mm 


0*42 

0*72 

0*41 

0*72 

Per cent change 

.. 1 

. . 

• • 


“14 

“11 

! “14 

! 

Retroperitoneal fat (g.) t 

mm 


1*50 

2*72 

1*23 

2-16 

Per cent change 

.. 1 

•• 

•• 

-12 

1 

—15 

“28 

-30 

Average final 

bod}’- weight 

111 


115 


114 

1 

. 1 

(g.). 







Average initial 

body -weight 

77 


74 


75 

' 

te-)- 





1 

Average change 
weight (g.). 

in body- 

34 


41 

j * * i 

39 
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Effect on the sex organs. 

Effect on the prostate and seminal vesicles. 

It will be evident from tlie Table, that the injected animals, as compared with 
the controls, showed marked increase (19 per cent) in the weight of the prostate 
and seminal vesicles (calculated per 200 g. of body-weight) even with moderately 
small dose as 0-05 mg. (50 y) per day. Korenchevsky, Dennison and Kohn-Speyer 
(1933a), working on the effects of testicular preparation on similar young rats of 
about one month old, obtained under almost identical conditions an increase of. 
62 per cent of these organs, with a dose of 2D which is equivalent to 5 C. U. or 
about 1,000 y of androsterone. This indicates definitely that the newly prepared 
substance ‘ artosterone 5 is highly potent in its androgenic activity. 

Effect on the penis. 

The influence on the penis was also interesting. With a small dose as 50 y per 
day, the average increase in weight was found to be about 11 per cent when cal- 
culated per 200 g. of body-weight. 

Effect on the testes. 

The depressing effect on the testes, which the male sexual hormones possess 
in general, has been observed in this case also. Similar depression has been 
observed by Korenchevsky and his associates (19336). 

Effect on some other endocrine glands. 

The figures in the Table show that there is marked acceleration in the rate of 
retrogression of the thymus. In rats receiving only 50 y artosterone as daily' 
injection, there has been noticed an average decrease of 17 per cent calculated per 
200 g. body-weight. Korenchevsky and his co-workers (1933a, 6) obtained the 
average decrease of 23 per cent and 25 per cent in weight of this gland with doses 1 
and 10 R. TJ. of testicular hormone respectively for six litters of younger rats. 

No appreciable effect on the thyroid was noted. 

Effect on the liver and kidneys. 

A slight increase in the average weights of the liver and kidneys was observed. 
Testicular hormone when injected into normal and castrated male rats had been 
found to cause some such increase in the weights of these organs by Korenchevsky 
el al. (19336) and Korenchevsky and Dennison (1934). 

Itelropcritonml fat. 

A decrease in the retroperitoneal fat (15 per cent) was observed which is a 
typical action of substances possessing male-hormone activity. Similar decrease 
in the deposition of fat has also been observed by previous investigators of the 
effect of androgenic substances in rats (Korenchevsky el al., 1937a, 6). It has also 
been observed by Korenchevsky (1936) that testosterone injection caused an 
improvement in the gain of body-weight of castrated rats without any increase in 
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the deposition of fat. From this they concluded that the gain in body-weight was 
due to the anabolic processes in building new tissues and not to an increase by 
deposition of fat. 

Histological investigations. 

Vas deferens . — Sections were cut more or less from the same part of the vas 
deferens in the controls as well as in the experimental rats, i.e., rats receiving artos- 
terone injection. The most striking change in the structure of this organ is the 
opening up of the central lumen in the experimental rats, while in the controls the 
central lumen is closed and obliterated by the longitudinal folds of the mucous 
membrane. Complete development of epithelium and increase in the size of the 
lumen has been observed by Callow and Parkes (1935), as an effect of injecting 
androgens on castrated leghorn capons, there being observed total atrophy of this 
organ in controls. A similar result has also been obtained by Heller (1932). 

The elastic fibres between the muscular bundles axe more prominently seen in 
’ the controls, while the muscular bundles are found to be more prominent in the 
experimental animals. David et al. (1934) have also found such stimulating effect 
of sex hormones on the development of smooth muscle tissue of the secondary sex 
organs of both sexes. 

Testes . — The spermatogenic cells of the seminiferous tubules of the controls 
are more numerous in number, closely packed and are found arranged in more 
numerous layers than in the case of the experimental ones where these cells are only 
a few layers thick and the primary spermatocyte stage is more pronounced in most 
of the tubules. The spermatids are more numerous in the control than in the 
case of the experimental animals but the spermatozoa are found in the tubules 
of both. 

In the controls all types of cells, namely spermatogonia, primary and secondary 
spermatocytes, spermatids and spermatozoa, are seen in the several layers showing 
the gradual stages of development of spermatozoa from the spermatogonia. 

In the case of the experimental rats the development of spermatozoa from 
the spermatogonia is hurried through two or three layers of cells. Wells and 
Moore (1936) and Baker and Johnson (1936) have observed as a result of injecting 
androgenic substances such acceleration in the rate of spermatozoon formation 
in the immature ground squirrel and in the sexually inactive ground squirrel 
respectively. 

The absence of the gradual stages towards the formation of spermatozoa in the 
experimental rats can be explained in the following way ; The rate of formation of 
spermatozoa is so much increased on account of the accelerating effect of artosterone 
that the primary spermatocytes cannot have sufficient time to pass through the 
normal gradual stages in the development of spermatozoa. Moreover, as the lumen 
°f the vas deferens has been found open, it can be inferred that there is every 
possibility of the spermatozoa having been discharged from the seminiferous 
tubules. 

The decrease in the weight of the testes which results from administration of 
androgenic substances may also be accounted for by the decrease in the number 

of the spermatogenic cells and also by the loss of spermatozoa from the seminiferous 
tubules. 


12 
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All these observations confirm that artosterone, the newly prepared 
hydroxy -ketone, is highly androgenic. 

Further investigations on the effect of this compound and its derivatives on 
the castrated and ovariectomized rats on the development of the secondary sex 
organs of sexually immature chicks and on the comb-growth of capons, etc., 
are in progress. 

Summary. 

The changes produced by injection of an olive-oil solution of artosterone, the 
new hydroxy-ketone prepared from artostenone, for 21 days in the sexually 
immature male rats, have been studied, both by the method of percentage change 
of the organs (actual and calculated per 200 g. of body-weight) and by histological 
investigations. 

An average increase in the weight of the prostate plus seminal vesicles of rats 
treated with artosterone compared with that of the control litter-mates even with 
a small dose of 50 y per day, was found to be 19 per cent (calculated per 200 g. of 
body-weight). 

There has also been observed (a) a depressing effect on the testes, ( b ) an 
acceleration in the rate of involution of the thymus, and (c) a stimulating effect on 
the kidneys. 

Histological examination of the vas deferens shows that in the controls the 
mucous membrane is thrown into longitudinal folds, thus obliterating the central 
lumen, whereas in the experimental ones this is stretched up causing the opening 
of the central lumen. 

In the testes, the spermatogenic cells in the seminiferous tubules are less in 
number and more prominently seen in most of the tubules in case of the experimental 
animals (i.e.. animals injected with artosterone) than in the case of controls where 
proliferation of the cells takes place, through gradual stages, at a slower speed. 

Artosterone has thus been found to be highly androgenic in character. 
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Complement-fixation with Witebsky, Klingenstein and Kuhn 

(W. K. K.) ANTIGEN* 

In work on leprosy with the same antigen by Greval, Lowe and Bose (1938) 
the only serious disturbing factor was found to be kala-azar. Further work with 
the antigen and sera from patients suffering from diseases other than leprosy has 
shown that the reaction is more ‘ specific ’ for kala-azar than for leprosy or any 
other disease. 

I. The technique. 

1. The reagents. 

(i) The haemolytic system. — This was prepared in accordance with require- 
ments of method No. 4 of the (British) Medical Research Committee’s (1918) report 
on the Wassermann Test with the exception that red blood cell (r. b. c.) suspension 
was standardized by a method described by Greval et al. (1930). The minimal 
haemolytic dose .(m. h. d.) of the complement determined for the purpose of the 
Wassermann reaction, without antigen, was also used in this technique. 

(ii) The antigen dilution. — A. small volume of W. K. K. antigen (0-2 c.c.) was 
evaporated. The residue, free from the smell of benzol, was made into a uniform 


ti * T m e n , ntigc ” w ® s purchased from the Behring Werke, Germany, through their local 'agents, 
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suspension with saline twice the volume of the original liquid (0-4 c.c.). The 
suspension was the starting point as recommended by the makers of the antigen. 
From it were prepared dilutions of 1 in 10, 1 in 20, 1 in 30, 1 in 40, 1 in 
50, and 1 in 60, and tested for anti-complementary activity with 1 m. h. d. of 
complement, thus : — 


Tube 

1 

2 

3 

4 

5 

Antigen dilution, 1 vol. of: — 

1 in 20 

1 in 30 

1 in 40 

1 in 50 

1 in 60 

Complement dilution containing 1 
m. h. d. in a volume : — 

1 vol. 

1 vol. 

1 vol. 

1 vol. 

1 vol. 

Saline 

1 voL 

| 1 vol. 

1 vol. 

1 vol. 

1 vol. 


l 

Left at room temperature for £ hour and at 
37°C« for i hour . 

Suspension of sensitized r. b. c. . . 

1 vol. 

1 vol. 

1 vol. 

1 vol. 

1 vol. 


Left at 37°C. for £ hour. 


The volume employed was 0*25 c.c. 


The strongest dilution of the antigen permitting a complete lysis of the r. b. c. 
suspension gave the titre of the anti-complementary activity of the antigen against 
1 m. h. d. of complement and was taken for the test. 

The titre varied from 1 in 40 to 1 in 60 with the sample of the antigen used. 
In work on leprosy referred to above it had varied from 1 in 10 to 1 in 20. Whether 
the figure was high or low, the dilutions corresponding to the titre gave the same 
results with known sera. 

Most of the work was done with an old sample of the antigen of the titre 
of 1 in 60 (it had once given a titre of 1 in 20, the rise was most probably due 
to evaporation and concentration). Later, a new sample was obtained. Its 
titre was 1 in 40. Known sera diluted to determine endpoints of reaction gave 
the same reading with the two antigens used in different dilutions as indicated 
by their titres. 

The titration of the antigen was not repeated in full every time the test was 
put up. A tube containing 1 dose of the antigen dilution found satisfactory on the 
previous occasion (usually a few days before) was put up with 1 m. h. d. of the 
complement and included as the antigen control in the rack. The titre rose 
extremely slowly and stayed constant for months. 

Further, the quantity of the antigen in the dose used was found to be in excess 
of the needs of the reaction. No weakening of the reaction was noticed before the 
quantity was halved. 
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2. The serum for the test. 

This was inactivated at 55°C. for 30 minutes and diluted 1 in 25. 

k 


3. The test. 

(i) An ensemble : — 


Tube : — 

1 

Serum control. 

2 

Test proper. 

Serum dilution y 

1 vol. 

1 vol. 

Antigen dilution 

Nil 

1 vol. 

Saline 

1 vol. 

Nil 

Complement dilution containing 2 
m. h. d. in a volume. 

1 vol. 

1 vol. 


Left at room temperature for 
hour and at 37 °C. for £ hour. 

Suspension of sensitized r. b. c. . . 

1 vol. 

[ « 

1 vol. 


Left at 37 °C. for £ hour. 


The volume emploj^ed was 0 ‘25 c.c. 


(ii) Reading of results . — The antigen control and the serum control being free 
from inhibition of lysis, the inhibition in the other tube was read as follows : — 


Complete inhibition of lysis . . . • « + 

A trace of lysis . . , . . . = T 

More than a trace of lysis . . . . ± 

Lysis almost complete, only turbidity present, = ? — 
no coloured deposit, no difference in colour 
between this tube and the next. 

Lysis complete . . . . .. = — 


positive. 

• doubtful. 

- negative. 


For detecting traces of lysis and for making sure that no differences of colour 
existed between ? — and — the rack was left in the cold overnight. 

(iii) Reaction with a higher and a lower serum dilution . — In the work on leprosy 
referred to above a serum dilution of I in 5 was used. This was done with a view to 
obtaining 'the maximum reaction and comparing the results with those of Witebsky, 
Klingenstein and Kuhn’s (1931) technique which also aims at obtaining the maximum 
reaction. 



184 


Serological Reactions in ICala-Azar. 


In the present work six dilutions were used in the beginning : I in 5, 1 in 12-5, 
1 in 25, 1 in 50, 1 in 100, and 1 in 200 (1 in 12-5 was obtained by doubling the 
volume of 1 in 25 in the test, i.e., two volumes of the dilution were used instead of 
one). It was soon found out that the positive reactions of all cases other than those 
of kala-azar (and leprosy, two cases of pulmonary tuberculosis and one case of 
dermal leishmaniasis) were abolished in a 1 in 25 dilution. The 1 in 25 standard was 
then adopted. In some cases the endpoint of the reaction was obtained by further 
dilution. A table summarizing the reactions of 132 cases is appended. In it 
reactions of all sera in a 1 in 25 dilution are given. Only some of them were put up 
in higher dilutions. A continuous line under the dilutions indicates that the 
dilutions were not put up. 

After the compilation of the Table we have started putting up the sera as a 
routine in two dilutions : 1 in 25 and 1 in 100. Treated cases are put up in four 
dilutions : 1 in 25, 1 in 50, 1 in 100, and 1 in 200. 

Incidentally, we vary the serum concentration and not the dose of the 
complement for two reasons : ( i ) the procedure is more economical inasmuch 
as less complement is needed and (u) there is reason to believe that differences in 
complement-fixation' in general are brought out better with decreasing the serum 
than with increasing the complement. 

(iv) Paradoxical reaction .— Working with 1 in 5 and 1 in 12-5 dilutions some 
sera were found to give a T reaction with the 1 in 5 dilution or even with the 1 in 
12-5 dilution but a fully positive reaction with the higher dilutions. In all these 
sera the endpoint w as not reached even in a ] in 200 dilution. The interference 
with the full fixation of the complement in these cases was indicative of an excess 
of the reacting antibody. Attention was called to this reaction by the deepening 
of the trace of colour with the concentration of the serum. Direct heemolvtic action 
of a strong dilution was excluded. 

II. Remarks and associated considerations. 

1. Special features. 

Unlike the original technique of Witebsky et al. ( loc . cit.) in which their antigen 
was used, the present technique uses complement measured in terms of m. h. d. 
This feature is of particular interest in the tropics where the m. h. d. of the pooled 
complement varies from 1 in 30 or less during the hot months to 1 in 90 or more 
during the cool months. Besides, quantitative and repeatable readings of fixation 
can only be obtained with titrated complement. 

The antigen dilution used is also standardized in terms of its anti-complemen- 
tary activity. In our experience samples of the antigen have varied widely in 
this respect. 

2. The sensitiveness of the reaction. 

The sensitiveness is of a very high order. Like the strongly positive Wasser- 
mann reaction of secondary syphilis the reaction cannot be missed or masked by any 
error or irregularity which is likely to creep into a serological procedure. Because of 
this high degree of sensitiveness we have differentiated between -f- and T. grouping 
the latter with ±. For the same reason ?— and — have been grouped together. 
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3. The specificity of the reaction. 

While there is ample excuse for using the term specificity in connection with the 
reaction of the sera of lepers with the antigen, because of the group relationship 
between the M. tuberculosis and M. lepras, the use of the term in connection with 
the reaction in kala-azar is not justified. Undoubtedly the reaction is non-specific 
like the Wassermann reaction in syphilis and has probably the same immunological 
basis. 

The diagnostic significance of the reaction is of a very high order. From the 
table summarizing the reactions of 132 cases (Indian, Anglo-Indian, adults and 
children of both sexes, Indian male adults predominating) it will be seen that not a 
single case diagnosed kala-azar has given a negative reaction. In category I out 
of 50 cases, 8 were in the wards of the Carmichael Hospital for Tropical Diseases 
and in them the parasite was found by puncture. The remaining 42 were diagnosed 
in the out-patient department by one of us (L. Fj. N.) by the aldehyde test and on 
clinical grounds. In category II all six cases were diagnosed by finding the parasite. 
Cases of other diseases, from the wards of this hospital, mostly febrile, excluding 
leprosy, have given negative reactions with the exception of a single case of 
pulmonary tuberculosis. This case was admitted to the hospital as a suspected 
case of kala-azar and was diagnosed tuberculosis radiologically in the first instance. 
Tubercle bacilli were not demonstrated in the sputum until after many examinations. 
Out of 25 cases of pulmonary tuberculosis from the Medical College Hospital, 
one case gave a positive reaction. 

Included in the non-kala-azar series were several cases with a positive Wasser- 
mann reaction. They give a negative reaction with the technique described. In a 
previous series of 46 non-leprosy Wassennann positive cases, positive reaction was 
obtained in one with the technique then described (Gieval, Lowe and Bose, loc. cit.) 
in which the serum dilution used was 1 in 5. It is doubted if with the present 
technique a similar occurrence will be possible. Besides, in the case giving the 
reaction with the other technique kala-azar, other forms of leishmaniasis and 
tuberculosis were not excluded. 

Apparently, the physical basis of the reaction is a constituent of the serum 
which when sufficient in quantity also reacts with formaldehyde which besides 
reacting with sera from cases of kala-azar reacts with sera from leprosy and tuber- 
culosis, more or less. 


4. The utility of the reaction. 

The Table summarizing the work gives six cases which were doubtful or negative 
with the formaldehyde test and fully positive with the reaction. Later, thev were 
proved to be cases of kala-azar by sternum, liver, or spleen puncture. In two of 
these cases attempts were made to determine the endpoint of the reaction, which 
was found to be over 1 in 200 for the one and over 1 in 100 for the other. A strong 
reaction, therefore, would create a very strong presumption in favour of a diagnosis 
of kala-azar, if not establish it for all intents and purposes, even in the absence of a 
positive formaldehyde test. 

The reaction can be performed with a portion of the serum obtained for the 
formaldehyde test. Only those sera which are negative, doubtful or weakly positive 
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with the latter reagent need be subjected to the reaction. Only when they are 
negative with the reaction also, need the sternum, liver, or spleen puncture be made. 

The above deductions are based on the unmistakable indication given by the 
reaction in the diagnosis of the disease in six cases. When the number of such 
cases has increased their force will be enhanced. 

We have not tested the reaction of many treated cases of kala-azar. A steady 
fall and a negative reaction after an apparent cure may indicate a real cure and 
freedom from relapses. 

Diagnosis of dermal leishmaniasis and oriental sore are other possibilities. Of 
the former we have tested five eases, of the latter none so far. 

The serum need not be fresh and may be received by post as in Wasscrmann 
reaction. 

The only possibilities to be considered in the differential diagnosis of a case 
giving a positive reaction are (i) kala-azar, (n) other forms of leishmaniasis, (Hi) 
leprosy, and (iv) tuberculosis. 


False positive Wassermann reaction in icala-azar. 

Greval, Sen Gupta and Das (1938) have recently stated that several diseases 
other than syphilis are responsible for a positive Wassermann reaction (W. R.). 
ICala-azar is one of them. Including the one case described by them five cases 
have been studied in the Carmichael Hospital for Tropical Diseases, Calcutta. The 
following is a brief description : — 

Case 2. P. B., Bengalee Hindu female aged 23. Admitted on 30th August, 1937, for kala-azar. 
W, R. positive. Treated with Neostibosan. Improvement, W. R. negative on 28th 
September, 1937. No signs or historj' of syphilis and no anti-syphilitic treatment. 

Case 2. Z. K.» Mohammedan female child aged 9. Admitted on 20th November, 1937, for 
relapse of kala-azar. Duration 2 years. W. R. positive. Treatment for kala-azar. 
W. R. doubtful. Died of acute bacillary dysentery. No signs or history of syphilis and 
no anfci-sjrphilitic treatment. 

Case 3. S. B., Hindu female aged 40. Admitted on 24th February, 1938, for kala-azar. 
Duration 1 year. W. R. positive. A course of Solustibosan finished on 15th March, 
1938. W. R. again positive. General improvement as a result of treatment. Fit for 
discharge on 22nd April, 1938. W. R. doubtful only. No signs or history of syphilis 
and no anti-syphilitic treatment. 

Case 4. A. R., Mohammedan male child aged 5. Admitted on 2nd May, 1938, for kala-azar. 
W. R. positive. On Solustibosan from 7th May, 1938, to ICth May, 1938. W. R. 
doubtful. General improvement., Discharged on 21st May, 1938, with completely 
negative W. R. No signs or history of syphilis and no anti-syphilitic treatment. 

In these cases the W. R. changed from positive to doubtful or negative with 
the control of kala-azar. In the next case the reverse occurred. 

Case 5. S. C., Hindu male aged 45. Admitted on 12th June, 1938, for abdominal pain and 
alternating constipation and diarrhoea. On routine examination were found L, D, 
bodies and a doubtful W. R. No fever. A course of Solustibosan. Febrile reaction, 
later relief. W. R. positive before discharge. 

Was the fifth case an early case in whom constituents responsible for the 
false W. R. had not yet fully developed when the blood was first tested ? 

During the same period we have observed cases of kala-azar with signs and 
history of syphilis. Anti-syphilitic treatment has been- given to one of them with 
good results. 
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In 40 cases treated in the hospital between 31st 
August, 1938, we found : — 

August, 1937, and 31st 

Number 
of cases. 

False positive W. R. 

4 

True „ „ 

3 

(False) doubtful W. H. . . 

15 

Anti-complementary sera 

5 

Negative W. R. 

13 

Total 

40 


The positive, doubtful, and anti-complementary rates are very much higher 
than the rates for an unselected hospital population given by Greval, Ben Gupta 
and Das ( loc . tit.), recently. 

High anti-complementary titre oe serum in icala-azar. 

It is known that sera not only become anti-complementary as a result of 
bacterial growth, but also are occasionally found to be so to begin with, when 
freshly separated from freshly drawn blood. In our experience the extreme limit of 
this property of the serum is reached in kala-azar. In the list given under the last 
item, false positive Wassermann reaction, 1 serum in 8 was found anti- 
complementary. In some cases no reaction (W. H.) could be read until the serum 
was diluted 1 in 20 (instead of the usual 1 in 5). For the same period from the 
same hospital the general rate of the anti-complementary sera was 1 in 50. 

In the sera of known kala-azar cases given in the Table at the end of this paper 
there were 7 anti-complementary sera out of 56, when diluted 1 in 5, again a rate 
of 1 in 8. 

In reading the results of the Wassermann reaction we have been so much struck 
by the association of a high anti-complementary titre of sera with kala-azar that we 
suspect all cases from which sera of such a titre have been obtained to be cases of 
kala-azar. 

Harrison (1931) refers to observations of Thomsen and Ejarnhjedinson made 
in 1910 to the effect * that leper serum is very anti-complementary ’. The anti- 
complementary titre of the sera from kala-azar cases is of a much higher order. 
Further, working with fresh sera, we have not found sera from lepers very anti- 
complementary. 

In a 1 in 25 dilution of a serum, which we now use as a routine for testing for 
kala-azar, the anti-complementary nature of the serum is not apparent as a rule. 
Occasionally, however, even in this dilution a serum is found anti-complementary. 
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Table. 


Svmmarizing the reactions of 137 cases with W. K. K. antigen. 


Categories. 


I. Kala-azar cases — 50 

Aldehyde test positive 


Complement-fixation in serum 
dilutions. 


1/25 1/50 1/100 1/200 


II. Kala-azar cases — 6 
Parasite found 


Aldehyde test negative 


Aldehyde test doubtful 


r 1 

.. - 1 

t 2 


+ + 


+ + + 

+ + rb 


III* Control cases — 50 

(Diseases other than kala-azar and leprosj^ from 
the wards of Carmichael Hospital for Tropical 
Diseases.) 


TV. Control cases of pulmonary 
tuberculosis — 25. 

(From the wards and out-patient department of 
Dr. A. C. Dial, Medical College Hospital.) 


25 
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Table — concld. 


Categories. 


V. A suspected case of kaia-azar. No parasites found. 

• Aldehyde test positive. Diagnosed pulmonary' 
tuberculosis radiologieally. Tubercle bacillus 
found after many examinations of sputum. 

VI. Dermal leishmaniasis — 5 


Complement-fixation in serum 
dilutions. 


1/25 


+ 


1/50 


1/100 


1/200 


+ T ± 


1 + T ? - 


I T ± 


1 I ± 
1 I ± 


1 ?- 


5 


Summary. 

1. A technique of complement-fixation with W. Iv. K. antigen in kala-azar 
has been described. Haemolytic system of method No. 4 of the Wassermann Test 
of the (British) Medical Research Committee, maximum quantity of the antigen 
not interfering with 1 m. h. d. of complement, and a 1 in 25 or more dilution of 
the serum to be tested are required. The diagnostic value of the reaction is 
very high. 

2. The serum from some cases of kala-azar gives a false positive Wassermann 
reaction. 

3. The limit of the anti-complementary activity of the human serum appears 
to have been reached in some cases of kala-azar. 
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Postscript . — 

De Liddo (1939) reports positive reactions with the W. K. 3L antigen in 
several morbid states and in healthy subjects. Our experience is different. 

— S. D. S. G. — 14-6-1939. 


ADDITIONAL REFERENCE. 


De Liddo (1939) 


. ♦ Trop. Dis . Bull., 36 , 3, p, 243, 
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In a previous communication (Lai, Ahmad and Roy, 1938) it was pointed 
out that for the solution of the problem of epidemic dropsy from the preventive 
aspect, it was necessary to develop methods by which batches of mustard oil con- 
taining the deleterious substance could be detected and, if possible, the toxic factor 
could be isolated so that its nature and origin might be investigated. The first 
requirement for these investigations was the collection of sufficient quantities of 
oil which could be definitely associated with outbreaks of the disease. With this 
object in view a series of field investigations were undertaken wherever a suitable 
opportunity occurred. Incidentally, these investigations served to test deductively 
the mustard oil theory as propounded in a previous communication (Lai and Roy, 
1937a). A brief description of each of these studies is given below : — 

(1) Iilmrgpur outbreak (period of investigation — 15th August, 1937 to 24th 
August, 1937). — Khargpur is a small town on the B. N. Ry., about 72 miles west 
of Calcutta. It consists chiefly of the railway colony. The outbreak occurred 
during the latter part of July and in August. A short note on this outbreak has 
already been published (Lai, 1938). It is proposed here to give some further 
details. 


( 191 ) 
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A total of 124 cases involving 38 families occurred towards the last week of 
July and in August 1937. The epidemic was practically confined to the Traffic 
Quarters in the north-eastern part of the railway colony and to Panchberia, a 
village situated just outside the town (vide Diagram 1)*. 


Diagram 1. 



Khargpur is said to have been free from the disease in previous years. The 
first patient, a woman, is said to have come sometime in, June from Benares while 
still suffering from the disease. She lived with a family in the Traffic Quarters 
for about a fortnight when she, along with the rest of the family, left the station. 
In the third week of July, 12 out of 28 members of the Y. M. C. A. Hostel situated 
in another part of the town were. affected. Soon after, a crop of cases appeared 
in the Traffic Quarters and in Panchberia and within four weeks 38 families were 


♦Diagrams 1 and 3 are reproduced by kind permission of the Editor, Calcutta Medical Journal. 
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involved. Tlie .morbidity rate in the affected families was 43 -5 per cent. On 
investigation the following points were brought out : — 

The general clinical picture closely resembled those seen in our previous field 
studies and in the experimental subjects. In 31 instances oedema was the first 
symptom noticed, in 23 it was preceded by diarrhoea, and in one case there was 
history of fever. No heart lesions could be detected in 37 subjects. In 12 patients 
slight and in four moderate heart lesions were present. Pigmentation of the face was 
noticed in 18 patients. The distribution of cases according to age, sex, etc., corres- 
ponded to our previous experience. Children under the age of five altogether 
escaped; young adults were the worst sufferers. Male cases slightly exceeded 
the female ones, the former being 58 per cent of the total. However, the 
constitution of the population was not known, though one might expect a 
larger percentage of males than females in an industrial town like Kliargpur. 
Cases amongst the Hindus were three times as many as those amongst the 
Mohammedans ; however, it may be mentioned in this connection that in the 
Traffic Quarters where the cases chiefly occurred, the population was predomi- 
nantly Hindu, while in the village it was mostly Mohammedan. In accordance 
with our previous experience, the lower-middle class contributed a majority of- 
the cases. 

-It was found that rice supplies were derived from different sources. Thus, nine 
families used self-grown rice, one obtained their supply from various cultivators, 
four were regular customers of Panchberia mill retail shop, and sixteen purchased 
rice from other shops in the town. The usual custom was to throw away water 
in which' rice was boiled ; only a few families did not conform to this practice. 

Although the affected families in the Traffic Quarters were a mixed population, 
hailing from different provinces, they all used mustard oil for cooking purposes ; 
so also did those in Panchberia village. It may, in this connection, be mentioned 
that, while in previous years the Panchberia mill oil was stocked by certain shops in 
the market in the town, this arrangement had broken down some time before the 
epidemic on account of disagreement between the proprietor and the shopkeepers 
and the amount of oil pressed in the mill was greatly reduced and mostly sold to 
the people residing in the neighbourhood of the mill. Thirty.-one of the affected 
families obtained their oil direct from the mill, one got their supply of oil pressed 
at the Panchberia mill through a grocer, and four through a hawker. In one 
instance both Panchberia mill oil and some other oil were consumed, and the source 
from which the hawker supplied the Y. M. C. A. Hostel could not be ascertained. 
It will thus be seen that in fact in all known instances, the source of supply of mustard 
oil was common to all the affected families, whether they lived in the railway colony 
or in the village. While we are not in a position to say whether some other articles 
of food like ‘ dhal spices, etc., were not obtained from a common source (probably 
they were in a majority of instances), in view of the previous experiences the 
Panchberia mill oil comes in for strong suspicion. In this connection it must also 
be remembered that the railway employees living in the Traffic Quarters being 
.mostly Hindus and strangers to the locality had no common interests or social 
intercourse with the villagers who were mostly Mohammedans following their 
ancestral occupation of agriculture. This fact by itself wotrld cast doubt on- the 
infection theory through direct contact. As against the possibility of the first case 

J ? MR -j o 
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being the source of infection for subsequent cases, it may be stated that the family 
which moved into the house immediately after the patient and her associates had left 
the town, was not attacked. Moreover, there was a long interval of more than a 
month between the date the imported case left the town and the date of appearance 
of the first case in the Y. M. C. A. Hostel which, in any case, was not in direct 
communication with the family. Unfortunately, we were unable to obtain samples 
of oil (from the mill or the affected families) which had been consumed previous to 
the appearance of cases. A sample of oil (No. 3), collected by the local Sanitary 
Inspector from a shop which had supplied Panchberia mill oil to some affected 
families, proved non-toxic in a feeding experiment on human volunteers. 

(2) Garpar outbreak (period of investigation — 24th August, 1937 to 28th 
August, 1937). — This outbreak occurred about the same time as the Khargpur 
epidemic and like it, it furnishes another instance of grouping of cases round a mill 
supplying oil direct to the consumers. Garpar area is situated in Ward No. 4 of 
Calcutta. The epidemic was brought to our notice through the courtesy of the 
Health Officer. Fifty-two persons were attacked within a period of three weeks 
involving 12 families. The morbidity rate in the affected families was 45-2 
per cent. The affected houses were situated round about the mill, but they were 
not contiguous. The residents of the area were almost entirely Bengalee Hindus 
following clerical and allied professions. 

The clinical and epidemiological features were similar to those observed in 
epidemics already described. The point of interest was the common source of 
mustard oil which was obtained directly from the mill by all the affected families. 
Of the 23 unaffected families in the neighbourhood which were investigated only 
two used oil from this source. During this investigation an interesting point came 
to our notice. Two brothers with their families lived in the same house but messed 
separately. The members of the two families came into intimate contact with one 
another and yet there were four cases out of a total of 14 members (12 adults and 
two children under ff ve) in the family which used oil from the mill and none in the six 
members of the other family which obtained oil from another source. The affected 
family usually purchased 21 seers of oil at a time and this amount sufficed for about 
10 days. The supply from which a sample was obtained (No. 12) was purchased 
directly from the mill on 2nd August, 1937. The first case appeared sometime 
during the week. The association of this particular supply with the disease is 
therefore not established, although it is probable that it belonged to the same 
batch as the one from which previous supplies were obtained. 

(3) AJamily outbreak at Ilidderpore (period of investigation — 8th January, 1938 
to 11th January, 1938). — This was a small outbreak involving the household of a 
Sindhi merchant at Kidderpore. There were 14 members, but with regard to their 
messing they could be divided into three groups as follows : — 

I. House-owner, his wife, and three children. 

II. Six servants, three males and three females. 

III. Two shop assistants and the motor-car driver. 

All the six members of the group II suffered from the disease but none others. 
The history of this outbreak is briefly as follows : — 

' During the * Ramzan 1 in November 1937, all the members of the house received 
their food from the master’s kitchen. After the fasting month was over, the members 
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again separated into three groups for purposes of feeding. The master’s food 
was cooked separately by the servants, though occasionally the former took one 
or two dishes from the servants’ kitchen. Members of group I took only one 
meal of rice a day and little or no mustard oil, the culinary fat used being mostly 
‘ ghee ’. 

The servants cooked separately for themselves and were accustomed to the 
usual Bengalee diet, viz., rice, ‘ dhal ’, fish, and vegetables, the cooking-fat being 
exclusively mustard oil. 

After the ‘ Ramzan ’ was over, on about the 5th December, 1937, the servants 
purchased five seers of mustard oil (sample No. 15) from a shop in Kidderpore. 
About a week later, when each servant had consumed about eight ounces of the oil, 
they developed gastro-intestinal disturbance and after another week or ten days, 
all the servants of this group developed oedema of legs and other symptoms 
which were diagnosed as epidemic dropsy by the family physician. Of the 
three persons of this group who were present at the time of investigation two 
exhibited oedema of legs, and one had heart lesions. According to the master 
of the house one woman servant had left the service because a well-known 
eye-specialist of Calcutta who had been consulted had diagnosed her as a 
case of glaucoma and advised operation. He had received the information that 
the woman had subsequently lost her sight. The third group took their meals 
in different hotels. 

While the distribution of cases is so definitely related to messing arrangements, 
it is interesting to note that prolonged intimate contact had no significance in regard 
to the distribution of the disease. The sleeping arrangements in the household 
are shown in Diagram 2. The three children, aged eight, six and four, slept on 
the same platform with the maid-servants before and for about two weeks after 
the servants were attacked with epidemic dropsy, but all the children remained un- 
affected. The cooks and servants continued with their usual duties which required 
prolonged and intimate contact between the diseased and the healthy groups but 
the disease remained strictly confined to the members of group II. Here, of 
course, no one article of food can be singled out as the source of trouble, but this 
outbreak offers a good example in which intimate personal contact can be ruled out 
as a factor in the aetiology of the disease. 

(4) Ravgpur outbreak (period of investigation — 16th January, 1938 to 19th 
January, 1938).— Rangpur is a municipal town in North Bengal and headquarters 
of the district of the same name. It is connected with the E. B. Ry. system. The 
total area of the town is about 10 sq. miles and the total population 20,749, according 
to the last census. The epidemic occurred towards the latter part of December 
1937 and early in January 1938. A short note on this outbreak has already been 
published (Lai, loc. cit.). It is proposed to give some more details here. ’ 

Towards the beginning of the third week of December 1937, two Hindu and 
two Mohammedan families in'four different wards of the municipality were almost 
simultaneously affected. Next week no new family was attacked but a week later 
fourteen more families were involved, to be followed in another week’s time by six 
more families, after which the epidemic completely died down. Altogether 65 
cases occurred in these 24 families. A striking feature of the epidemic was the 



Diagram 2. 
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2. The characteristic oedema, pitting on pressure, almost completely 

disappearing in the mornings only to reappear in the evenings. In 
two cases, the characteristic flush in the swollen legs. 

3. Dyspnoea with exertion in a number of cases. 

4. No marked calf tenderness in any of the cases, nor any evidence of 

peripheral neuritis or of urinary trouble. 

The general distribution of the cases with regard to age, sex, religion, etc., was 
in conformity with our previous findings (Lai and Roy, 1937a). 

On investigation it was found that the rice market, locally known as * amode ’, 
was the principal source of rice supply for the municipal area. Here the cultivators 
brought their hand-pounded rice and offered it for sale. There was also some 
amount of milled rice for sale, but the quantity was comparatively small. No 
group of affected families could be traced to any particular source of rice supply. 
Resides, the group of Mohammedan cultivators, both affected and unaffected, 
daily husked their own paddy stored in their houses, by the * dhenki 5 method. 
This paddy had been recently harvested. In all the affected families, the custom 
was to throw away the rice-water. 

With regard to mustard oil, the general custom in the locality was to buy a 
‘ bhatful ’ (about 2 seers) of oil at a time from * kolus ’ who sold this commodity 
from door to door. It would at first sight appear that there was no common source 
of mustard oil supply for the affected families. On investigation, it was found 
that these hawkers, instead of selling * ghani ’ oil, were purveyors of mill oil which 
they used to purchase from the local merchants. The house-holder did not 
necessarily always buy from' the same hawker though usually one fixed man was _ 
the principal supplier. These customs made it extremely difficult to test if any 
particular brand or consignment of mustard oil was responsible for the outbreak. 
However, in the fish market area, where about 50 families lived under ‘ bustee ’ 
conditions, 15 persons involving eight families were attacked during the course of less 
than two weeks and all of them had a common source of oil supply, viz., a grocer 
living in the ‘ bustee ’. His family was amongst those affected. His brother, 
also a grocer, stocked the same brand and consignment of oil and there were- some 
cases amongst his clients as well. The available oil of that . particular supply 
(hereafter called Rangpur oil or sample No. 20) from both these grocers was collec- 
ted and successfully used in a human feeding experiment referred to in a later part 
of this communication. 

(5) Alamdunga outbreak ( Dl . Nadia) (period of investigation 21st January, 
1938 to 25th January, 1938). — There was no general outbreak of the disease in the 
villages investigated, but individual families were affected. The details are shown 
in Table I. 

It will be noticed that the number of cases is very small. Besides, the signs 
of the disease at the time of investigation were not very marked, thus making the 
diagnosis rather uncertain. However, a feature of interest in connection with this 
epidemic was that the grocers supplying mustard oil to the affected families in 
different villages stocked amongst other brands, one particular brand which for 
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Table I. 


Number of cases in the different villages investigated. 


Name of village. 

i Total 

population. 

1 

Number of 
families 
affected. 

Total 

cases. 

Alamdanga 

400 

1 

3 

Bandabil 

1,000 

4 

10 

Bademaji 

1,000 

3 

7 

Benodepur 

1,000 

2 

2 

Jamjami 

200 

2 

6 

Nrisbinghapur 

500 

3 

4 


short may be called * H ’ brand. At village Bandabil this oil, in its original container, 
was found to be in use by an affected bouse and the whole quantity of the available 
oil was collected (No. 19). The epidemiological history of this oil is given below. 

Three closely related ‘ kolu ’ families lived in one house. Two of them were 
affected with epidemic dropsy, the third, consisting of a single woman, had escaped. 
This woman used to buy mustard oil in original containers (about 20 seers in each) 
from a fixed shop in Alamdanga. She used to sell it from door to door. The two 
affected families in the house got the supply for the last few months only from 
her and from no other source, and this particular batch of oil was consumed by 
the families for about one week before the symptoms started. It proved mildly 
toxic when tested on human volunteers. 

(6) Manirampur outbreak ( near Barrackpore) (period of investigation — 27th 
June, 1938 to 4th July, 1938). — The outbreak was mainly confined to a ‘ para ’ 
where about 40 Brahmin families lived. The first case was reported towards the 
end of May 1938, and further cases developed during the following month towards 
the end of which the investigation was undertaken. Altogether 98 cases occurred 
involving 22 families. The salient features of the outbreak were as follows : — 

One person (K. M. C.) residing in the affected part of the village was keeping 
a grocer’s shop. He belonged to the same social and economic class as the majority 
of the villagers living in that area. Of the 22 affected families, 18 obtained both 
their rice and mustard oil supplies regularly fi’dm K. M. C.’s shop and the remaining 
four families got only their mustard oil and not rice from that shop. The 
shopkeeper had different varieties both of sun-dried and parboiled rice, but he had 
only one variety of mustard oil to offer for sale, viz., ‘ 6. M.’ oil. The consumption 
of this particular oil was a factor common to all the affected families. There were 
nine unaffected families interspersed between the affected ones and none of them 
obtained their rice or oil supply from the aforesaid shop. Two of these unaffected 
families lived in the same house with an affected family but messed separately. In 
another instance, a group of four families was living side by side, one of which 
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getting its oil supply from the said shop was affected, whereas three others getting 
their oil from other sources remained unaffected although the members of these 
families had intimate contact. About 3 lb. of .oil (sample No. 37) were collected 
from an affected family during this investigation, the epidemiological history 
associated with the oil being as follows : — 

A family of seven bought as usual four seers of oil from K. M. C. and after one 
day’s use left for Calcutta to join a social gathering. On their return home after a 
week they resumed the use of the oil. After eight days the first case developed and 
a few days later, three more cases occurred. Suspecting this supply of oil they 
abandoned its use. On making inquiries from the relatives who had joined the 
festivities in Calcutta they found that no one else had suffered. 

(7) Suri outbreak (period of investigation — 9th July, 1938 to 11th July, 
1938). — Twenty cases were said to have occurred involving nine families residing 
in houses scattered about in one part of the town. At the time of investigation, 
all but three cases had recovered but a history suggestive of epidemic dropsy was 
obtained from all of them. These three uncured patients belonged to the family 
from which about 1| lb. of oil (sample No. 39) was recovered. The epidemiological 
association of the oil with the incidence of the disease is as follows : — 

Ten seers of oil were purchased from shop ‘ p ’ on the 16th January, 1938, 
about half of which was consumed next day in connection with certain celebrations. 
The use of the remaining oil was continued for some time when it was set aside on 
the advice of a local doctor. The first case appeared about eight days after the oil 
had been in use and it was not given up till four more cases had developed, the total 
number of persons in the family being eight. The only source of supply of six other 
affected families was also shop ‘ p the two remaining families obtained their oil 
supply from other shops including shop ‘ p 

(8) The Calcutta Medical School outbreak (period of investigation — 9th June, 
1938 to 14th June, 1938). — The resident members of the Institution can be classed 
as follows : — 

Hospital patients 
Nurses 

House Surgeons 
Resident Medical Officer 
Clinical Pathologist 
Cooks 

Clerk and compounders 


Total . . • 197 


22 

9 

1 

1 

6 

3 


For purposes of messing they were distributed into four groups as follows : — 

I. Patients (155). 

II. Nurses, the Clinical Pathologist, Cooks, Clerk and Compounders 

(32). 

III. House Surgeons (9). 

IV. Resident Medical Officer (1). 
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The outbreak .— Altogether 13 definite and five doubtful cases of epidemic 
dropsy occurred amongst the 32 members of group II. The other groups 
completely escaped. The distribution of the cases amongst members of group II 
was as follows : — 


Group II. 

Definite 

cases. 

Doubtful 

cases. 

Nurses 

9 

. . 

Clinical pathologist 

1 

*• 

Cooks 

2 

i 

4 

Compounder 

i 1 

1 

Totals 

13 

5 


The fact that the disease was confined to one mess, the members of which 
were engaged in different duties is striking. Further investigations brought out 
other points of interest in connection with the mustard oil theory. While the 
supply of foodstuff for groups III and IV was from different sources, the provisions 
for groups I and II were purchased, on behalf of the hospital authorities, from certain 
suppliers and the food served to the staff and the patients was the same with regard 
to the nature and quality of the food material, except for a few additional items, 
such as eggs, which were occasionally added for group II. The difference in the 
food of the two messes lay in the preparation of curries, considerably more spices 
and oil being used for group II than for group I. It was not possible to estimate 
the actual amount of oil used in the two messes. From the look of the curries and 
statement of the diet clerk and certain members of the staff, a fair estimate of the 
amount of oil used for group II would be four times that used for the patients. 
Taking into consideration further facts, e.g., that the amount of curry served to 
patients was much less than that served to the members of the staff, and the 
majority of the patients was given only one meal with curry a day, would lead 
to the conclusion that the amount of oil consumed by the patients was very 
little compared to that taken by the members of the staff and even amongst 
this group the nurses took less oil than the male members as most of 
them obtained only one meal from the mess. It would thus appear that the 
distribution of cases amongst those partaking of the same provisions was roughlv 
proportionate to the amount of oil consumed. Unfortunately, only a few 
ounces of the suspected oil (sample No. 33) were available at the time of 
investigation. 


Feeding experiments. 

The main object of these experiments was to test the toxicity of the suspicious 
samples of oil obtained from the field with a view to carrying out suitable chemical 
and physical investigations. The experiments were conducted with oil obtained 
from (1) Nhargpur, (2) Kangpur, and (3) Alamdanga, using jail-produced oil as 
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control. The general scheme was the same as described under experiment III in 
a previous communication (Lai and Roy, 19376). However, the feeding was stopped 
as soon as the symptoms appeared and the object of the experiment was served. 
The results obtained are shown in Table II : — 


Table II. 

Feeding experiments on human volunteers with Ilhargpw, Rangpur , and 

Alamdanga oils * 


Serial 

number* 

Sample 

number. 

| 

i 

Source of oil. 

Number of 
volunteers fed. 

Number of 
definite cases 
developed. 

1 

19 

Alamdanga 

3 

1 

2 

20 

Rangpur 

3 

2 

3 

3 

Khargpur 

3 

Nil 

4 

22 

Jail-produced oil 

i 

3 

j 

Nil 


Clinical details are given in the Appendix . 

*For a discussion on the clinical significance of experimental cases a 
reference may be made to the Cal. Med. Joiir., 34 , No* 3, pp. 169-182. 


Discussion. 

The eight outbreaks reported here present facts which can be explained on the 
basis of the theory put forward in a previous communication (Lai and Roy, 19376), 
namely, that epidemic dropsy is caused by some deleterious substances (not a 
living virus) of unknown nature and origin contained in certain consignments of 
mustard oil. These reports, therefore, lend further support to this theory. 

Summary. 

1. Eight outbreaks of epidemic dropsy are briefly reported. 

2. The implications of the mustard oil theory have been tested in connection 
with these outbreaks. 

3. Certain supplies of mustard oil incriminated on epidemiological grounds 
have been collected and their toxicity tested on human volunteers. 

Conclusions. 

As a result of further field observations and feeding experiments on human 
wolunteers confirmation of the validity of the mustard oil theory of the aetiology 
of epidemic dropsy has been obtained. 
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APPENDIX 


Examination of individual volunteers. 

For the sake of brevity the negative findings are omitted and mention is made only of stick 
signs and symptoms as have a direct bearing on the disease. 

Experimental group: — 

No. 1 [I — * suspected 5 oil (sample No. 19) from Alamdanga]. Moderately- developed, active 
and bright Mohammedan male, 27 years, durrie weaver, been in the jail for 15 months, no previous 
illness, no complaint since in jail except slight enlargement of the right testicle — 1 year back for few 
days after games. Height 5 ft. 74 in.; weight 115 lb. Pulse 66. A few soft glands palpable in 
the inguinal regions. 

Total amount of special food consumed : — 

Dates : 22-2-38 to 11-3-38, missed 1 day as he refused the meal for want of appetite ; 
rice : 229 ounces ; oil : 294 ounces. 

Signs and symptoms after commencement of feeding : — 

Subjective symptoms : — 

3- 3-38. Uneasiness and fullness of the stomach and loss of appetite after ingestion of 18 £ 

ounces of oil. 

4- 3-38. Constipation and indigestion ; wanted digestive medicines. 

9-3-38. Loose stool. 

17-3-38. Complains of oedema of legs after ingestion of 294 ounces of oil. 

Physical signs : — 

General appearance : dull and much reduced. 

Weight: 21-2-38, 115 lb.; 5-3-38, 115 lb.; 12-3-38,114 lb.; stools : 3-3-38, semi-solid, 
darkish ; 7-3-38, semi-solid containing fair amount of mucus. 

17-3-38. Slight oedema of both the legs with slight flush after the consumption of 294 ounces 
of oil. 

Laboratory examinations : — 

Blood : total R. B. C. count, 6-3-38, 5*38 million per c.mm. ; 14-3-38, 4*90 million per c.rum. 
Urine : nothing abnormal. 

No. 2 (I — ‘suspected’ oil from Alamdanga). Rather poorly-developed but active and bright 
Mohammedan male, 22 years, durric weaver, been in jail for 2 months, no previous illness and no 
complaint since in jail. Height 5 ft. 3J in. ; weight 95 lb. Pulse 60. 

A few small soft glands palpable in the inguinal region. Total amount of special food consumed : — 
Dates: 22-2-38 to 11-3-38, missed a day for fever; rice: 123 ounces; atta : 87 ounces; 

oil : 26 £ ounces. Signs and symptoms after commencement of feeding : — 

Subjective symptoms : — 

2-3-38. Loss of appetite after ingestion of 10J ounces of oil. 

4- 3-38. Constipation. 

5- 3-38. Pain in the abdomen, loss of appetite, vomited twice last night. 

26-3-38. Weakness and pain in the joints. 

Physical signs : — 

General appearance : dull and emaciated. 

Weight : 21-3-38, 95 lb. ; 5-3-38, 97 lb. ; 12-3-38, S9 lb. 

5-3-38. Fever {temperature 99*2°F.). Pulse 112. 

Laboratory examinations : — 

Blood : total R. B. C. count, 6-3-38, 3'7 million per c.mm. ; 14-3-38, 4*22 million per c.mm. 
Urine : nothing abnormal. 

Xo. 3 (X — 1 suspected ’ oil from Alamdanga). Well-developed, active and bright Mohammedan 
male 26 years. Coir-string preparer, been in jail for 8 months, no previous illness and no complaint 
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since in jail. Height 5 ft. 21 in. ; weight 98 lb. Pulse 56. A few soft small glands palpable in the 
inguinal region. 

Total amount of special food consumed : — 

Dates : 22-2-38 to 11-3-38, missed two days as he refused to take the meal due to diarrhoea : 
atta : 177 ounces; oil: 231 ounces. 

Signs and symptoms after the commencement of feeding : — 

Subjective symptoms : — 

4-3-38. Constipation after ingestion of 19 ounces of oil. 

8-3-38. Loose motions, 6 or 7 times in a day and high coloured urine, feels rotten. 

10-3-38. Feeling out of sorts and incomplete evacuation of bowels. 

26-3-38. Complains of weakness and pain in the joints. 

Physical signs : — 

General appearance : dull and emaciated. 

Weight : 21-2-38, 98 lb. ; 5-3-38, 100 lb. ; 12-3-38, 95 lb. 

8-3-38. Loose stools : clay coloured and semi-solid in consistency. 

Laboratory examinations : — 

Blood : total Pi. B. C. count, 6-3-38, 4*44 million per c.mrn . ; 14-3-38, 4*63 million per c.nim. 
Urine : nothing abnormal. 

No. 4 (II — 4 suspected ’ oil sample No. 20 from Rangpur). Moderately-developed, active and 
bright Hindu male, 29 years, durrie weaver, been in jail for 2 years, no previous illness, no complaint 
since in jail except occasional pain in the epigastric region. Height 5 ft. 3£ in.; weight 110 lb. 
Pulse 62. 

A few small soft glands palpable in the inguinal region. 

Total amount of special food consumed : — 

Dates: 22-2-38 to 11-3-38, rice: 182J ounces; oil: 23 ounces. 

Signs and symptoms after commencement of feeding : — 

Subjective symptoms :■ — • 

24-2-38. Loose stools ; had 8 loose motions from last night after ingestion of 3£ ounces 
of oil. 

I- 3-38. Loss of appetite, loose motions with mucus in the stool. 

3- 3-38. (Edema of the legs after ingestion of 16 £ ounces of oil. 

4- 3-38. Pain in the abdomen. 

7- 3-38. Fever last night. 

8- 3-38. Pain in the shoulder joint. 

14-3-38. Weakness, blackening of face. 

19-3-38. Tingling and formication. 

24-3-38. Burning sensation all over the body and incomplete evacuation of bowels. 
Physical signs : — 

General appearance : dull, seedy, and much reduced. 

Weight: 21-2-38, 110 lb.; 5-3-38, 111 lb.; 12-3-38, 106 lb. 

II- 3-38. (Edema of both the legs, pits on pressure after ingestion of 22 \ ounces of oil. 
14-3-38. Pigmentation of face and a flush on both the legs. 

19-3-38. Ansemia, tongue coated, slight fever present, pulse 72, no abnormality of heart 
detected, knee-jerk normal (rather brisk), definite oedema of both legs and 
dorsum of feet with flush. (Edematous parts tender and painful. 

Laboratory examinations : — 

Blood : total R. B. C. count, 6-3-38, 4*8 million per c.mm. ; 14-3-38, 3*74 million per c.mm. 
Chemical examination of blood sera : 13-4-38, inorganic phosphorus 6*5 mg. per 100 c.c. 
Urine : no abnormality found ; 17-3-38, urea concentration test normal. 

p 5 (H- — ‘ suspected * oil from Rangpur). Well-developed, active and bright, Hindu 

Punjabi male, 47 years, durrie weaver, been in jail for one month, no previous illness, no 
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complaint since in jail excepting a small hydrocele (right side). Height 5 ft. 51 in, ; weight, 
126 lb. Pulse 60. 

Total amount of special food consumed : — 

Dates: 22-2-38 to 11-3-38, missed 3 days, refused the meal during that period, atta : 160 
ounces; oil: 34J- ounces. 

Signs and symptoms : — 

26- 2-38. Appetite diminished after ingestion of 70 ounces of atta and Cl ounces of oil. 

27- 2-38. Irritating cough, vomiting last night. 

28- 2-38. Pain in the chest and right shoulder, 

3- 3-38. Complains of weakness. 

4- 3-38. Complains of constipation. 

10-3-38. Complains of pain all over the body, small ulcer under the prepuce. 

14-3-38. (Edema of both legs last evening after the ingestion of 160 ounces of atta and 
14 J ounces of oil. 

18-3-38. Slight blood during defecation. 

26-3-38. Cough, pain in abdomen and head. 

Physical signs : — 

Weight: 21-2-38, 126 lb.; 5-3-38, 127 lb.; 12-3-38, 121 lb. 

11-3-38. Small ulcers under the prepuce. 

14-3-38. Examined for oedema of legs and found to ho suspicious. 

18 *3-38. External piles. 

Laboratory examinations : — 

Blood : total R. B. C. count, 6-3-38, 4*73 million per c.mm. ; 14-3-38, 4*61 million per c.mm. 
Urine : no abnormality found. 

No. 6 (II — 1 suspected ’ oil from Rangpur). Poorly-developed, dull-looking Hindu male, 
37 years, coir pounder, been in the jail for a month, no previous illness, no complaint since in jail. 
Height 5 ft. 7 in. ; weight 112 lb. Pulse 60. 1st sound in mitral area, slightly accentuated. 

Total amount of special food consumed : — • 

Dates: 22-2-38 to 8-3-38 (refused co-operation after 8th March), rice: 162 ounces; oil: 
20 ounces. 

Signs and symptoms after the commencement of feeding : — 

Subjective symptoms : — 

26-2-38. Appetite slightly diminished after ingestion of G$* ounces of oil. 

2-3-38. Vomited last night and had 10 loose motions this morning. These symptoms 
continued up to 8-3-38. Later, complained of incomplete evacuation of bowels. 
Some times the stool was mixed up with mucus. 

4-3-38. Pain in the hip. 

9-3-38. Fever last night and was admitted to hospital. The fever was absent tho next 
day but reappeared the day after. 

30-3-38. Pain in the joints and burning sensation all over the body, the latter symptoms 
continued for a few days more. 

24-3-38, (Edema of both the legs which increased in the evenings ; extended up to the 
thigh after the ingestion of 20 ounces of oil. 

Physical signs : — 

Weight: 21-2-38, 112 lb.; 7-3-38, 112 lb. 

9-3-38. Fever (temperature 100*4°F.). Pulse 80. Temperature subsided next day ; 

11-3-38, it rose up again up to 102°F. which continued for a few days more. 
24-3-38. Definite oedema of both the legs, pits on pressure ; a distinct flush on the 
oedematous parts. 

Laboratory examinations : — 

Blood : total R. B. C. count, 6-3-38, 2*52 million per c.mm. ; 14-3-38, 2*06 million per 
c.mm. 

Chemical examination of blood sera : 13-4-38, inorganic phosphorus 4*7 mg. per 100 c.c., 
uric acid 4*48 mg. per 100 c.c., and creatinine 1*25 mg. per 100 c.c. 

Urine : 14-3-38, traces of albumin ; some hyaline casts, epithelial cells and a few pus cells. 
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In a previous communication (Lai and Roy, 1937) it was stated that all the 
available evidence was suggestive of the presence of some toxic chemical substance 
rather than of a living virus in the mustard oil associated with outbreaks of epidemic 
dropsy. However, so far little was known of the nature and origin of the poisonous 
factor beyond the facts that it was heat-stabile and that there were reasonable 
grounds to believe that it was something other than allylisothiocyanate (Lai, Ahmad 
and Ro) 1 -, 1938). Both for practical and academic reasons it was necessary to 
investigate these problems. Before, however, these studies could be undertaken it 
was necessary to secure supplies of proved toxic mustard oil in sufficient quantities. 
As a result of further field investigations followed by human feeding experiments 
(Lai and Roy, 1939) we were able to secure two such supplies one of which (Rangpur 
oil) proved more toxic than the other (Alamdanga oil). 

( 207 ) 
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This method of procuring samples of oil of known potency has obvious limita- 
tions. In the first place, for reasons already given (Lai, Ahmad and Hoy, loc. cil.) 
opportunities for collecting large quantities of oil' definitely associated with an 
outbreak of the disease are infrequent and in the second place facilities for conduct- 
ing human feeding experiments to which recourse has to be made, are extremely 
limited. As a preliminary to further investigations, it was therefore necessary 
to devise simpler tests to differentiate between the safe and the unsafe oils. Apart 
from purposes of research, the development of these tests would be an important 
contribution towards the practical control of the disease because, given the differen- 
tial tests, the health authorities should be in a position to suppress the sale of such 
supplies as were likely to endanger public health. 

Differential tests. 

The problem was approached along three different lines, viz., (a) biological, 
(b) chemical, and (c) physical. 

A. Biological tests. 

The investigations were conducted by three different methods, viz., 

(?) feeding experiments on animals, more or less on the lines followed in 
experiments on human subjects, 

(ii) subcutaneous injections in monkeys, and 

(Hi) prolonged application of the oil to the scarified skin of man. *■'< 

( i ) Feeding experiments on animals. — Experiments were performed on a series 
of animals including rats, cats, guinea-pigs, pigeons, and pigs. On account of 
certain developments reported hereinafter the scope of these experiments was consi- 
derably extended and the results cannot be conveniently set out here. We propose 
to deal with this aspect of the problem in another communication. 

(ii) Subculaneons injections in monkeys. — Two young male monheys ( S . rhesus) 
were selected. One received bi-weekly subcutaneous injections of 1 c.c. of heated 
Rangpur oil for five weeks and the other received similar injections of heated 
jail-produced oil. Later, the amount of oil was increased to H c.c. and the 
injections were given on alternate days for a week. In the following week daily 
injections of 2 c.c. of the respective oils were given. The total amount of oil 
received by each animal in course of 54 days was 28 c.c. Both animals increased 
slightly in weight, the one on jail-produced oil showing a little more increase 
than the other. In both cases hard nodules developed under the skin at the 
site of injections which slowly disappeared. No other local or general effects 
were observed. 

(Hi) Experiments on human skin. — The skin of epidemic-dropsy patients 
exhibits definite clinical and pathological features which are considered pathogno- 
monic of the disease. This suggested the possibility of producing specific local 
lesions by prolonged application of the potent oil to scarified skin. The technique 
of the experiment was as follows : — 

■ A small patch of skin, of the size of a two-anna piece, on the dorsum of either 
arm, was gently scarified with a rotary vaccinator without drawing any blood. 
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On the right side, a pad of lint soaked in the heated Rangpur oil was placed, and on 
the other was placed a similar pad soaked in heated jail-produced oil. The pads 
were kept in position continuously (except for the time of bathing) by means of 
vaccination shields and elastic bands. The pads were changed daily and the 
scarification was performed twice a week. The experiment was continued for a 
month., /Three subjects were treated in this manner. Observations made with a 
hand lens failed to demonstrate any local reaction. 

B. Chemical tests. 

In the problem of developing chemical tests we were up against a blind wall. 
Nothing was known about the nature of the toxic substance except that it was 
heat-stabile and soluble in oil. There were no leads to follow. As on previous 
occasions, the potent oil was found to satisfy the chemical standards as laid down 
under the rules made by the Local Government under the Bengal Food Adulteration 
Act of 1919. 

Further tests were carried out to detect other possible adulterants such as 
cotton-seed oil, sesame oil, almond oil, tung oil, archis oil, liver oil, and other drying 
and non-drving vegetable oils. Besides, a large number of other chemical reagents 
were used. The toxic oils showed no distinctive reactions except with Grace 
Calvert’s and.Cavalli’s reagents. On shaking a little oil with either of these reagents 
sfnd letting the mixture stand for a little while, the upper oily layer separated from 
the watery layer and the latter developed an orange-red colour in the case of the 
toxic oil but remained colourless in the case of jail-produced oil. The coloration 
was deeper with Rangpur oil than with Alamdanga oil. It was recognized that in 
both these tests, nitric acid was a common reagent. Hauchecorn’s test was, there- 
fore, performed. This consisted of vigorous shaking of a little oil with an equal 
volume of concentrated nitric acid. As before, in the toxic oil but not in the control, 
a brownish red colour developed in the bottom acid layer, thus suggesting a 
differential reaction. To establish the value of this and other tests presently to 
be described, a large number of samples of mustard oil with varying degrees of 
association with the disease were employed. 

Cupric acetate test. 

Another chemical test was devised at the suggestion of Dr. S. S. Bhatnagar. 
This consisted of heating in a water-bath, for about 15 minutes, a mixture of the 
oil acidified with glacial acetic acid and three per cent solution of cupric acetate. 
With the toxic oil a precipitate was formed and the colour of the watery layer 
changed from blue to green but this change did not occur with a non-toxic oil. 
This reaction, therefore, suggested another differential test. 

C. Physical tests. 

(i) Spectrophotometry .— One per cent alcoholic solution of the toxic and the 
non-toxic oils were subjected to spectrophotometric studies. The instrument used 
v.as a Quartz Spectrophotograph by Carl Zeiss. It had a dispersion of about 
five niches with a range from 3,500 A. U. to 2.000 A. U. Tungsten spark or hydro- 
gen discharge tubes were used as sources of light. The solution under investigation 
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was placed in a Baly’s tube and absorption spectrophotographs were taken. The 
results are shown in Plate X, figs. 1, 2, and 3. It will be observed that the general 
nature of the spectrum is the same in the three cases but the toxic oils show a broad 
absorption band between 2,900 A. U. and 2,600 A. U. with the maxima near about 
2,750 A. U. The degree of absorption is greater in the case of Rangpur oil than 
in Alamdanga oil, the extinction co-efficient (at 2,750 A. U.) being 1*2 for the former 
and 0*6 for the latter.* 

(ii) Fluorescence test . — When the toxic oil was exposed to ultra-violet radiation 
it exhibited a characteristic bluish violet fluorescence. The intensity of fluorescence 
was greater in the Rangpur oil than in the Alamdanga oil. It was absent in the 
jail-produced oil. A careful observer may, in fact, observe definite fluorescence in 
the highly toxic oil in direct sunlight. 

We thus have two physical and two chemical reactions given by the toxic 
oils and not by the control oil, which suggest bases for differential tests. Since, 
as stated above, differential tests are of great practical importance in the prevention 
and control of the disease and since they are likely to materially help in further 
investigations, it is of paramount importance to establish the validity of their 
differential character. It is, therefore, necessary to apply the tests suggested by 
the differential reactions of toxic and control oils to a large number of known 
poisonous and non-poisonous samples of mustard oil. The difficulties of obtaining 
sufficiently large number of samples of poisonous oils and proving their toxicity by 
human experiments have already been referred to. It was, therefore, decided to 
collect samples of mustard oil epidemiologically associated with the disease. This 
■was by no means an easy task. Attention had been drawn, on previous occasions, 
to the difficulties in obtaining samples of oil which the victims had consumed prior 
to acquiring the disease. However, our field staff and health officials, mostly 
Sanitary Inspectors in various parts of Bengal, were able to collect 282 samples of 
mustard oil together with the relevant epidemiological histories in each case. A 
standard form was used for collecting epidemiological information (vide Appendix 
I). In most cases, the forms were properly completed but in some cases, they 
were either incompletely filled or contained obvious defects. For these reasons 
74 samples had to be rejected. Besides, a number of these samples were collected 
from shops which had supplied oil to the affected families or from the affected 
families from supplies in use at the time of the collector’s visit, which in many 
cases occurred long after the appearance of the first case in the family. In such 
instances the association of the particular sample of oil with the disease could not, 
of course, be established. On the other hand, the epidemiological evidence in 
some cases was sufficiently strong to incriminate certain samples, and from the 
proportion of cases to the number of people in the family a rough estimate of the 
toxicity of the oil could be made. Our previous experience with experimental 
subjects (Lai and Roy, 1937),. provided a basis for estimating the average amount 
and period of consumption of toxic oil required to produce the symptoms. We were 
thus able to classify the samples of oil in different grades according to their epidemio- 
logical association and toxicity [vide Table I). Further details regarding the 

* Extinction co-efficient E = 4 > where d = length in centimetres of the solution required to 
produce complete absorption. 
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criteria for classification are given in Appendix II. The samples of known non-^oxic 
oils used as controls were obtained from supplies which had been in use for 
sometime in the jails or in private families without causing ill effects. For sources 
of some of these samples, reference may be made to a previous communication 
(Lai, Ahmad and Roy, loc. cit.). Having assessed the epidemiological association, 
each sample of oil was subjected to the nitric acid, cupric acetate and fluorescence 
tests in the manner already described. From Table I, which summarizes the results 
obtained in different grades of oil, it will be seen that the cupric acetate test lias 
proved-differential in 21 out of 23 incriminated oils and in all the 23 safe oils. The 
same results have been obtained with nitric acid test except that it has given positive 
results with two samples having epidemiologically negative histories. The 
fluorescence test is positive in 22 out of the 23 samples of oil having positive 
epidemiological histories but it is also positive in 11 out of 23 samples of oil not 
associated with the disease. Unfortunately in a large majority of the samples of 
class III the epidemiological history is not so definite. However, by careful 
scrutiny of the available data in each case the samples in the class can be divided 
into two groups, viz., those in which association with the disease may be presumed 
and those in which such presumption is not justified. Here again, there is practically 
a complete correspondence between the results of the two chemical tests and there 
is suggestive evidence of their differential character. The fluorescence test is 
positive in a larger proportion of samples than the chemical tests both in the 
suggestive and the non-suggestive groups. From a detailed consideration of the 
individual samples, it was found that the samples giving positive reaction with 
cupric acetate also gave positive nitric acid and fluorescence tests and that the 
samples giving positive nitric acid test but negative cupric acetate test gave positive 
fluorescence test. 


Table I. 

Results of physical and chemical tests in various epidemiological classes 

of samples of oil. 


, Epidemiological 
Test. history and 

i toxicity positive 
(class I). 



' Positive 

Nitric acid test .. - 

k Negative 


r Positive 

Cupric acetate lest - 

1 

[ Negative 
( Positive 

Fluorescence test 


[ Negative 


Epidemiological 
history and 
toxicity negative 
(class II). 

Epidemiological 

HISTORY AND 
TOXICITY INDEFINITE. 

Suggestive 
(class Ilia). 

Not 

suggestive 
(class III5). 

2 

37 

42 

21 

15 

68 

0 

36 

39 

23 

16 

71 

11 

47 

77 

12 

5 

33 
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' Tables II and III set out the results obtained with individual samples in classes 
I and II. The extinction co-efficients of certain samples are also shown in these 
tables. Although an attempt has been made to estimate the degree of toxicity 
and intensity of reactions in each case, it is not intended to claim any accuracy with 
regard to quantitative measurements except in the case of extinction co-efficients. 
It will be observed that the results of all the tests fit in well with the results 
of human experiments in respect of samples from Rangpur and Alamdanga oils 
but, as the data now stand, an exact correspondence between the degree of toxicity 
and the intensities of different reactions is lacking. In general it may be stated 
that of all the tests, the fluorescence test appears to be the most sensitive and the 
spectrophotographic test the least so. This hypothesis might explain the presence 
of a slight degree of fluorescence in known non-poisonous oils. The result of 
spectrophotographic analysis is anomalous in the case of sample No. 52 for which 
no explanation is forthcoming. The results of samples Nos. 3 and 13 in Table III 
and the relative intensity of reactions shown in Table II would suggest that the 
nitric acid test is the more sensitive of the two chemical tests. 


Table II. 


Differential tests on samples of oil associated with outbreaks of the 

disease. 


Serial 

number. 

Sample 

number. 

Toxicity. 

Nitric 
acid test. 

Cupric 

acetate 

test. 

Fluorescence 

test. 

Extinction 
co-efficient 
at 2,750 A. U. 

Remarks. 

1 

15 

+++ 

++ 

+ 

++++ 



2 

20 ! 

+ + + 

+++ 

+ + + 

++++ 

1*2 

Rangpur oil* 

3 

294 

4* 4 4* 

+ 

+ 

+ 4* + 

- 


4 

297 

+++ 

+ 

+ 

+++ 

*• 


5 

308 

+++ 

++ 

++ 

+++ 



6 

37 

+++ 

+ 

++ 

++ 

0*7 


7 

39 

+++ 

+ + + 

+++ 

4- 4* 

1*0 


8 

118 

i 

+++ 

++ 

+ 

+4* 

•* 

* 
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Table II— concld. 


Serial 

number. 

Sample 

number. 

Toxicity, 

Nitric 
acid test. 

Cupric 

acetate 

test. 

Fluorescence 

test. 

Extinction 
co-efficient 
at 2,750 A. U. 

Remarks. . 

9 

132 

+ + + 

;f + + 

+ 

++ 

0*6 


10 

152 

+ + + 

+++ 

+ 

++ 

0*8 


J 

167 

+ + 

+ 

+ 

++ 

•* 


12 1 

301* 

+++ 

— 

— 

— 

•• 


13 

288 

+ + 

+ 

+ 

+ ~r 4* 

•• 


14 

97 

++ 

+ 

+ 

| ++ 

! • •• 


15 

135 

! 

++ 

i 

+ + 

+ 

| 

i 

++ - 

1 

1 

0*5 


16 

299 

, ++ 1 

I 

+ 

+ 

++ 

•• 


17 

i 

1 

309 

++ 

+ + 

++ 

+ + 

•• 


18 1 

331 

++ 

++ 

++ 

+ 

l 


19 

69* 

++ 

— 

— 

+ 



20 

19 

+ 

++ 

+ 

+++ 

0‘6 

Alamdanga 

oil. 

21 

96 

-L 

1 

+ + + 

++ 

+ -M- 

0*G 


22 

2G9 

+ 

+ 

+ 

+ + + 

•• 


23 

94 

+ 

++ 

> ++ 

| 

+ + + 

•• 



* These samples were submitted by health officials. They apparently satisfied the conditions 
required to associate the oil with the disease. Since they were obtained from houses of educated people, 
the information may be presumed to be reliable. However, it is not known who actually collected the 
samples, labelled and despatched them. 

t Fluorescence test performed on acid extract as quantity was too small for testing by the usual 
method. 
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Table III. 

Differential tests on samples of oil not associated with outbreak of the 

disease. 


Serial 

number. 

Sample 

number. 

Nitric 
acid test. 

Cupric 

acetate 

test. 

Fluorescence 

test. 

Extinction 
co -efficient 
at 2,750 A. TJ. 

Remarks. 

1 

14 






2 

21 


— 

— 

, . 

Jail -produced oil. 

3 

22 

— 

— 

— 

•• 

Another consignment 
of jail-produced oil 

4 

43 (1)* 

— 

— 

+ 

0*0 


5 

45 (3) 

— 

— 

— 

0*4 


6 

46 (4) 

— 

— 

+ 

0*0 


7 

47 (5) 


— 

+ 

0*5 


8 

48 (6) 


— 

+ 

o-o 


9 

50 (8) 

— 

— 

— 

0*6 


10 

51 (9) 


— 

++ 

0-4 


11 

52 (10) 

— 

— 

+ 

0*8 


12 

53 (11) 



— 

+ 

0*6 


13 

54 (12) 

— 

— 

+ 

0*4 


14 

55 (13) 

— 

— 

— 

0*4 


15 

56 (15) 

— 

— 

— 

0*5 


16 

57 (16) 

— 

— 

+ 

# * 


17 

155 

— 

— 




18 

220 

— 

— 

| 


j 

19 

221 

— 


— 


! 

20 

298 

— 

— 

— 



21 

40 

— 

— 

— 

• * 


22 

3 

+ 

— 

+ 

• » 


23 

13 

+ 


+ 

•• 



* The numbers in brackets correspond with the sample numbers in Table X given in a 
previous communication (Lai, Ahmad and Roy, loc. til.) to which reference may be made for infor* 
mation regarding their sources and histories. 
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The studies detailed above would appear to establish, in a general way, the 
differential nature of these tests. It is, therefore, recommended that they should 
be used for purposes of directing preventive and control measures against the disease. 
Since the two chemical tests require little or no equipment and can be easily per- 
formed by health officials in the field they should be extensively used. In this 
respect they mark an important advance in our knowledge of the disease and its 
prevention and thereby equip the health officials, and the intelligent consumer with 
an effective weapon to guard against the disease. ' It should, however, be clearly 
understood that it is premature to use the tests, in the present state of their develop- 
ment, as bases for action involving legal complications. Further studies mentioned 
in a later section of this communication suggest that most of the supplies of 
mustard oil produced in this country are liable to contain some amount of the toxic 
substance but the harmful effects are produced through its cumulative action, only 
when the concentration of the poison exceeds certain unknown limits, it is, 
therefore, necessary to establish certain definite standards about the permissible 
amount of the toxic substance in the oil and to work out if possible the corres- 
pondence of these standards with the intensities of the differential reactions. 

Source oe the toxic substance. 

The preventive measures can be more effectually applied and loss to producers 
of oil can be prevented if the source of the toxic substance can be discovered. As 
previously mentioned, there are three possibilities, viz., (i) the deterioration of 
mustard seed due to infection with fungoid or other forms of organisms through 
faulty storage or otherwise, (ii) adulteration of the oil with some cheap poisonous 
oil. and (m) admixture of the mustard seed with some poisonous seeds either 
deliberately or inadvertently. 

We have investigated these possibilities with the following results • 

(i) Deteriorated mustard seeds. — Two supplies of mustard seeds showing 

obvious signs of deterioration and emitting strong musty odour were 
procured. Oils expressed from these seeds were tested by means of 
feeding experiments on two groups of three volunteers each. The 
general scheme of the experiments was the same as detailed in experi- 
ment III reported previously (Lai and Roy, 1937). One experiment 
lasted for 19 days and the other for 20 days. The average amount 
of oil consumed per individual was 39 and 45 ounces respectively. 
No ill effects were observed in any of the experimental subjects. 
It may perhaps be of interest to note here that from the Rangpur oil 
Dr. R. K. Goyal was able to grow a fungus which was reported 
by Professor S. R. Bose as Mucor Sp. commonly found in fermenting 
rice. 

(ii) Adulteration oj mustard oil with some other oil. This subject has already 

been discussed. 

(lii) Adulteration of the mustard seeds with other seeds. — Since the millowners 
and dealers of the mustard oil have frequently been found to be the 
first victims of the disease in an outbreak, the indications are that 
they are not responsible for the adulteration of the oil or seeds with 
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any known poisonous substance and are ignorant of suck adulteration, 
if any. 

The mustard seed stocked in the oil mills for crushing are rarely, if ever, found 
without admixture with some variety of extraneous seeds. Tor reasons already 
stated it was not an easy task to obtain mustard oil which had been consumed by 
the victims prior to the onset of the disease. On account of these and other reasons 
it was not found possible to secure samples of seeds from which toxic oil might 
have been expressed. No extraneous seeds, therefore, could be incriminated in this 
way. However, in the course of a discussion on the implications of the mustard oil 
theory and particularly on the report of an outbreak by Kamath (1928) in which 
Dr. R. K. Goyal took part, a profitable line of approach was suggested. Reference 
to this publication was made in a previous communication (Lai, 1938) in connection 
with the general discussion on the eetiological role of mustard oil in epidemic dropsy. 
It was pointed out that besides Kamath’s work we knew of no published evidence 
in support of the criticism that outbreaks of the disease may occur amongst non- 
consumers of mustard oil. On referring back to this report it was evident that 
the outbreak described therein was similar in all respects to what we were accustomed 
to find in our field investigations and although no definite statement was made to 
exclude the use of mustard oil amongst the victims, the text suggested that 
gingelly oil was in common use and that oil, expressed from a wild poisonous plant 
locally known as ‘ odissimari was often employed as an adulterant. The plant 
and seeds of ‘ odissimari ’ were obtained from Orissa through the courtesy of 
Lieut. -Colonel G. Verghese, i.m.s., which Professor S. P. Agharkar kindly 
identified for us as Argemone mexicana . The differential tests mentioned in the 
previous section were applied to oil obtained from seeds of this plant mixed in 
various proportions with pure mustard oil. It was found ' that a mixture 
containing about 6 per cent of Argemone oil gave the same reactions as Rangpur 
oil ( vide Table IV and Plate XI, figs. 4, 5, and 6). 


Table IV. 


Results oj differential tests on Argemone oil mixed with mustard oil in 

different proportions. 


Sample 

number. 

Nature of oil. 

Nitric acid 
test. 

Cupric acetate 
test. 

Fluorescence 

test. 

Extinction 
co-etficient 
(at 2,750 A. U.). 

383 

Pure Argemone oil .. 

Acid layer 
crimson 
i coloured. 

Very strongly 
positive. 

Highly fluores- 
cent. 

5-0 

184 

i 

Jail-produced oil con- 
taining 10 per cent of 
Argemone oil. 

+ + + + 

| 

+ + + + | 

+ + + + 

P0 

I 

j 

180 

Jail-produced oil con- 
taining 5 per cent of 
Argemone oil. 

+ + 

i 

+ + 

+ + + + 

0*8 





Plate X. 

Source. — Hydrogen discharge. 



Fig. 3. Rang pur oil (Xo. 20). 


-4,000 



2,000 


Plate XI. 

Source. — Tungsten steel spark 



Fig. 4. Purr Argomoric oil. 




Fig, 6. Jail-produced oil containing 10 per cent Argemone oil. 



4,000 
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The fact that Argemone seeds impart the physical and chemical properties of 
toxic oil to mustard oil was demonstrated by a simple experiment. Oil was ex- 
pressed from a sample of mustard seeds containing about 10 per cent of Argemone 
seeds. On applying the differential tests it gave positive reactions. The Argemone 
seeds were then carefully removed from the mixture and oil was expressed. It gave 
entirely negative results with the tests. 

The question naturally arises whether Argemone seeds are in fact found 
mixed with mustard seeds. (Stocks of mustard seeds waiting to be crushed in 
40 different mills in and around Calcutta were examined with the following 
results : — 

1. Number of samples in which no Argemone seeds could be seen = 23. 

2. „ „ „ „ „ \ to 1 per cent of Argemone seeds were found =12. 

3. „ „ „ „ „ 1 to 5 „ ,, Argemone seeds were found = 5. 

4. „ „ „ „ „ over 5 „ „ Argemone seeds v ere found = 0. 

These examinations were made at a time when epidemic dropsy was not widely 
prevalent in Calcutta and no serious epidemics occurred in the following three or 
four months. 

It may, therefore, be provisionally concluded that seeds of Argemone mexicana 
which bear a superficial resemblance to the black variety of mustard seeds ( Brassica 
napus) find their way in stocks of mustard seeds through accidental or wilful adul- 
teration by the suppliers, without the knowledge of the millowners and that the 
oil expressed from mustard seeds containing sufficient quantities of those seeds is 
responsible for the outbreaks of the disease. In this connection an old report on 
‘ katakar ’ oil poisoning (Sarkar, 1926) is of interest, ‘ katakar ’ being a vernacular 
name for Argemone mexicana. The author relates the story of an outbreak of a 
disease resembling epidemic dropsy which involved all the 28 members of three 
families and of which he had received reports. It is stated that mustard oil was 
pressed in an oil mill which had been previously used for expressing ‘ katakar ’ 
oil. The victims had consumed this oil two or three days prior to the onset of the 
symptoms. Our present findings lend support to Sarkar’s conclusion that the 
disease was due to the consumption of mustard oil which had been accidentally 
adulterated with c katakar ’ oil and his report would have been of importance 
in unravelling the mystery of the aetiology of the disease but for the fact that his 
conclusion was based on fragmentary and otherwise unsatisfactory evidence 
obtained mostly by hearsay. As a matter of fact, our attention had previously been 
drawn to this report by the author but on account of serious discrepancies with 
regard to the date on which the oil was expressed and the date on which it was con- 
sumed it had failed to carry conviction. Even if it is conceded that ‘ Janmastami ’, 
the festival on which the cakes fried in the adulterated oil are said to have been 
taken, occurred later than the date on which the oil was expressed, it appeared 
unlikely that consumption of food cooked in the oil on a single occasion should 
cause, within two or three days, severe sjTnptoms and even mortality ; at least 
such a happening was contrary to our experience. However, we are not familiar 
with the symptoms and sequelae of acute Argemone oil poisoning and therefore the 
interpretation of the statements contained in Sarkar's report may. at present, remain 
under doubt. 
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For a final proof of the hypothesis , appeal must necessarily be made to human 
experiments. Experiments in the usual way were conducted with jail-produced 
oil adulterated with 10 per cent oil of Argemone mexicana, on three subjects, but 
before a sufficient quantity of the mixture could be administered, the volunteers 
withdrew co-operation, and the experiment had to be abandoned. 

Nature of the toxic substance. 

In the course of our search for a differential test we had occasion to test the 
reducing properties of the oils. The technique employed was to titrate the oil 
against N/10 potassium permanganate solution with and without the addition of 
1 in d sulphuric acid. The mixtures were incubated at 37°C. for varying periods 
before titration. Both heated and unheated oils were used. The results are set 
out in Table V. Although the oxygen absorption values are not very regular, 
the results in general indicate that Rangpur oil contains the largest amount of 
reducing substance and the jail-produced oil the least. It may also be seen that 
the reducing substance, whatever its chemical constitution may be, is heat-stabile. 

Table V. 


Oxygen absorption capacity of samples of three lest oils ( N /10 EMn0 4 solution , 
in c.c., absorbed per one g. of oil). 



Jail 

OIL. 

Alamdanga oil. 



Rangpur oil. 

Test oils. 

With 

acid. 


With 

acid. 

Without 

acid. 

With 

acid. 

Without 

acid. 

(A) Three minutes’ incubation 
at 37 °C. 


t 

j 





(a) Unheated 

T07 

1-37 

1*03 

1-5 | 

1-53 

2*8 

{b) Heated at 100°C. . . 

0*9 

1*45 

1*0 

1-52 

1*64 

2*59 

(E) Three hours’ incubation 
at 37°0. 







(a) Unheated 

9*4 

6*4 

9*2 


! 10*8 

♦ • 

(b) Heated at 100°C. . . 

8*9 

• * 

10*4 

. . 

10*7 

j 

(C) Twenty -four hours’ incu- 
bation at 37°C. 


1 





(a) Unheated 

9*57 

7*1 

9*85 

7*4 

10*8 

8*5 

(b) Heated at 100°C. .. ! 

9*0 

7*5 

8*5 

8*2 

10*4 

8*9 


Since organic toxins are likely to contain nitrogen, the nitrogen content of the 
toxic and control samples of oil was investigated. Kjeldahl’s method was employed. 
The results are shown in Table VI. It will be seen that the amount of nitrogen 
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is largest in Rangpur oil and least in jail-produced oil, Alamdanga oil occupying 
an intermediate position. Since, however, it was found that Rangpur oil contained 
3'51 mg. of allylisothiocyanate per g. of oil, Alamdanga oil 2 ‘82 mg. per g. and jail- 
produced oil 2'57 mg. per g., it was considered necessa-ry to eliminate this source 
of difference in the nitrogen content. Samples of oil to be tested were freed from 
allylisothiocyanate by the technique employed on previous occasions (Lai, Ahmad 
and Roy, loc. tit.). The results are shown in Table VI. It will be seen that the 
nitrogen content of Rangpur and Alamdanga oils, apart from that contributed by 
allylisothiocyanate or . other volatile substances, is much higher than that of the 
jail-produced oil. 

Table VI. 

Estimation of total nitrogen by Kjeldahl method {mg. per 100 g. of oil). 


Samples. 

I Total nitrogen 
mg. per 100 g. 
of oil. 

(a) Unheated : 


(i) Jail oil 

35*6 

(ii) Alamdanga oil 

48-2 

(in) Rangpur oil 

50*3 

(6) Samples ekeed ekom allyl- 

ISOTHIOCYANATE : 


(i) Jail oil 

10*6 

(ii) Alamdanga oil . . j 

18-3 

(in) Rangpur oil . . 1 

20*8 


With a view to isolating the toxic substance, Rangpur oil and oil of Argemone 
mexicana were split into the saponifiable and non-saponifiable fractions in the usual 
way. A white crystalline substance soluble in hot alcohol and dilute hydrochloric 
acid was obtained. It melted at 185°C. and left no ash on incineration. It gave 
intense reactions on applying the differential tests. The spectrophotograph 
is shown in Plate XI, fig. 7. The crystals were obtained in fairly large amounts from 
Argemone oil, but in smaller quantities from Rangpur oil. By means of acid extrac- 
tion, a minute trace of this substance could be isolated from jail-produced oil, but 
not from oil expressed out of mustard seeds from which seeds of Argemone mexicana 
had been carefully removed. Besides the white crystalline substance, certain other 
compounds have also been isolated from the oil of Argemone mexicana and from the 
potent oil, but these substances have failed to give the differential tests. 

These results indicate that the white crystalline substance, mentioned above, 
is responsible for the differential tests and that it is derived from seeds of Argemone 
mexicana. It is, however, quite another matter as to whether this substance is the 
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factor to which toxic effects are due. As a matter of fact, a feeding experiment on 
human volunteers with the non-saponifiable fraction obtained from Rangpur oil and 
added to an equivalent amount of jail-produced oil has failed to prove an eetiological 
role of this fraction (for details see Appendix III). This observation may suggest 
•that the white crystalline substance is not likely to be the toxic element. However 
it is possible that other factors are involved. For example, it is possible that the 
chemical substance might have been greatly reduced in amount or modified in the 
course of preparation of the non-saponifiable fraction. 

Summary. 

1. The scope of conducting human feeding experiments to distinguish between 
poisonous and non-poisonous oils being limited, possibilities of developing simpler 
differential tests have been investigated along three lines, namely, biological, chemi- 
cal, and physical. 

2. Two chemical tests, namely, nitric acid and cupric acetate tests, and two 
physical tests, namely, fluorescence and spectrophotometric tests, have been 
described. 

3. The chemical and the fluorescence tests have been applied to 208 samples 
of mustard oil, variously associated with epidemic dropsy and obtained from 
different parts of Bengal. The results indicate that these tests can distinguish 
between samples of mustard oil containing the toxic substance and those free from 
it. The spectrophotometric studies have been conducted with nine samples 
associated with the disease and 12 samples not so associated. The scope of this 
test appears to be limited. 

4. Evidence is presented to support the hypothesis that the seeds of Argemone 
mexicana, bearing a superficial resemblance to the black variety of mustard seeds 
( Brassica napus), find their way into stocks of mustard seeds through accidental 
or wilful adulteration by the suppliers and that oil expressed from mustard seeds 
containing sufficient quantities of seeds of Argemone mexicana is responsible for 
outbreaks of the disease. 

5. A white crystalline substance has been isolated from oil of Argemone 
mexicana and from a proved toxic oil but not from pure mustard oil. This sub- 
stance has been found to be responsible for the differential tests. Preliminary 
studies suggest that the toxic symptoms may not be due to this substance in the 
form in which it is known to us. However, further studies are indicated before a 
definite conclusion can be arrived at. 

Conclusions. 

] . One physical and two chemical tests are now available for routine examina- 
tion of mustard oil to differentiate between supplies containing a toxic substance 
responsible for epidemic dropsy and those free from it. It is recommended that 
these tests be applied by health officials for purposes of prevention and control of 
the disease. 

2. It is provisionally concluded that the toxic substance contained in the 
mustard oil which is responsible for the disease, is derived from seeds of Argemone 
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mexicana, which are frequently found in stocks of mustard seeds in oil mills and 
which may at times be present in considerable quantities. 

3. A white crystalline organic compound which has been isolated from oil of 
Argemone mexicana and from a toxic oil is responsible for the differential tests, 
but the role of this substance in producing symptoms of the disease has not yet 
been determined. 
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APPENDIX I. 

Form for particulars about the samples of mustard oil. 



APPENDIX II. 

Class I. 

, Epidemiology and toxicity positive ♦ 

One or other of these samples was actually consumed by one or more affected families for two 
weeks or more before the appearance of the first case in the family. In some cases, however, the 
samples were consumed only for about a week but there was evidence to suggest that oil from the 
same source, possibly from tlio same consignment, was in use for some time previously. 

Class II. 

Epidemiology and toxicity negative . 

Most of these samples were collected from families in which no cases of epidemic dropsy had 
occurred after consuming the sample for two weeks or more. The remaining few were collected from 
a local jail or were expressed by us from mustard seeds and had been proved negative by feeding 
experiments on human volunteers. 

Class III. 

Epidemiology and toxicity indefinite . 

(a) Suggestive : — 

These samples were bought a week or less before the appearance of the first case in the family or 
belonged to some brands of oil (whether from shop or family) which were, at the same period, suspected 
by many sanitary inspectors independently and in widely separated areas. When collected from 
families* only those samples were put in this class as were associated with multiple cases. 

(&) Not suggestive : — 

This class consisted of those samples which could not be put in any of the previous classes on the 
basis «of the information supplied. 

( 222 ) 



APPENDIX III. 


Examination of individual volunteers. 

For the sake of brevity the negative findings are omitted and mention is made only of 
such signs and symptoms as have a direct bearing on the disease . 

A. Experimental group: — 

No. 7 (III — 4 non-saponifiable ’ fraction of Rangpur oil). Well-developed, active and bright 
male, 28 years, convict overseer, no previous illness except occasional attack of dysentery and constipa- 
tion. Height 5 ft. 6 in. ; weight 128 lb. Pulse 70. 

A few small soft glands palpable in the inguinal region. 

Total amount of food consumed : — 

Dates : 19-9-38 to 18-10-38, missed three days ; rice : 466 ounces ; oil : 634 ounces. 

Signs and symptoms after commencement of feeding : — 

Subjective symptoms : — 

28- 9-38. Pain in the waist. 

5-10-3S. Constipation, after consumption of 28 ounces of oil. 

12- 10-38. Loose stool and pain in the abdomen. 

13- 10-38. Loose stool. 

24-10-38. Loss of appetite and burning sensation of the finger tips. 

29-10-38. Pain in the lower extremities, loss of appetite and constipation. 

7-11-38. Burning sensation of the eyes. 

Physical signs : — 

General appearance : looks slightly reduced. 

Weight : 19-9-38, 128 lb. ; 7-10-38, 131 lb. ; 7-11-38, 128 lb. 

Urine : nothing abnormal. 

No. 8 (III — ‘non-saponifiable’ fraction of Rangpur oil). Well-developed, active and bright 
male, 30 years, tape weaver, been in jail for three months. No previous serious illness, complains 
of inflammation of the right testicle three months back, occasional pain in the right epigastric region 
and constipation. Height 5 ft. 7 in. ; weight 130 lb. Pulse 88. 

Total amount of special food consumed : — 

Dates : 19-9-39 to 18-10-38, missed three days ; rice : 466 ounces ; oil : 51 ounces. 

Signs and symptoms after commencement of feeding : — 

Subjective symptoms : — 

20-9-38. Pain in the left testicle. 

24- 9-38. Uneasiness in the abdomen after the consumption of 12 ounces of oil. 

25- 9-38. Pain all over the body, especially thigh and calf muscles. 

16-10-38. Weakness and loss of appetite. 

24-10-38. Loss of appetite. 

29- 10-38. Burning sensation of the eyes. 

Physical signs : — 

General appearance : looks slightly reduced. 

Weight: 19-9-38, 130 lb.; 7-10-38, 128 lb.; 7-11-38, 126 lb. 

20-9-3S. Left testicle slightly inflamed and enlarged. 

Urine : nothing abnormal. 
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B. COKTROI* GKD4JP. . * 

No. 10 (III — ‘ jail-prod viced 1 oil). Well-developed, active and bright male, 25 years, convict 
overseer, been in jail for 13 months. No previous illness. No serious complaint since in* jail excepting 
occasional inflammation of the right testicle and pain in the joints. Height 5 ft. 5 in. ; weurht 
148 lb. Pulse 85. 

Total amount of special food consumed : — 

Dates : 19-9-38 to 18-10-38, missed four days ; rice ; 484 ounces oil : 55 ounces. 

Signs and symptoms after the commencement of the feeding :> — 

Subjective symptoms : — 

21-9-38. Headache and loose stools after consuming 4 ounces of oil. 

Physical signs : — 

General appearance : unaltered. 

Weight: 19-9-38, 148 lb.; 7-10-38, 151 lb. j 18-10-38, 152 lb. 

Urine : nothing abnormal. 

No. 11 (TV — * jail-produced * oil). Moderately developed, active and bright male, 45 years, uorbs 
n the stores, been in jail for one year, no previous illness, no complaints since in iail except dirrmess 
of vision at night. Height 5 ft. in. ; weight 147 lb. Pulse 68. 

Total amount of food consumed : — 

Dates: 19-9-38 to 18-10-38, missed three days; rice: 304 ounces; oil: 57 ounces. 

Signs and symptoms after commencement of feeding, nil. 

Physical signs : — 

General appearance : unaltered. 

Weight: 19-9-38, 147 lb.; 7-10-38, M6| lb. ; 18-10-38, 145 lb. 

Urine : nothing abnormal. 
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EFFECT OF VISCOSITY OF SEBUM ON THE BATE OF 
ABSOBPTION OF ANTIBODIES. 


. BY 

D. C. LAHIRI, M.B., D.T.M. & H., D.B. 

{From the Serum Department, Bengal Immunity Research Laboratory, Calcutta.) 

V 

[Received for publication, March 4, 1939.] 

Evidence has been brought forth recently (Lahiri, 1939) to show that 
concentrated anti-diphtheritic horse serum is absorbed less rapidly than natural 
anti-diphtheritic horse serum, when injected intramuscularly or subcutaneously 
• in rabbits. This inferior absorbability of concentrated sera has been ascribed 
to changes in physico-chemical properties of sera occurring during the processes 
of concentration and amongst them increased viscosity of concentrated sera has 
been assumed to be the most important factor. 

The deduction on correlation of rise in viscosity with diminution in the rate 
of absorption of sera from experiments with concentrated sera appears, however, to 
have some fallacies. As for instance, McFarlane’s ( see Marrack, 1938) investigations 
1 with the ultra -centrifuge have shown that horse serum globulin precipitated by half 
saturation with ammonium sulphate and re-dissolved, exists as particles the greater 
part of which are uniform and have a weight of about 150,0'00, but in undiluted 
serum more than half of serum globulin exists as particles having a weight varying 
from 70,000 to 150,000. Hence it is quite likely that antibody globulins in a 
horse serum concentrated by precipitation with ammonium sulphate are, on 
the average, of a larger size than those present in natural undiluted horse serum. 

This possible difference in size between antibody globulins in a concentrated 
serum and those in a natural serum appears to be of some significance, as evidence 
has been brought forth (Horsfall et al., 1937) to indicate that rabbit anti-pneumococcus 
serum, in which the antibody molecules are of a smaller size and weight (Heidel- 
berger and Pedersen, 1937 ; Kabat and Pedersen, 1938) than those in horse serum, 
may be superior to horse anti-pneumococcus serum as a specific therapeutic agent. 
Recently, Finland and Brown (1938) have shown that after intramuscular injection 
of unconcentrated rabbit type I anti-pneumococcus serum in man, the antibody 
molecules are absorbed more rapidly than when equivalent amounts of concen- 
trated horse serum are injected in the same manner. Presumably the conclusion 
in their mind was that particles of smaller size were absorbed more rapidly than 
Mi ( 225 ) 15 
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those of larger size. However, it may be mentioned in passing that they used un- 
concentrated rabbit serum against concentrated horse serum and it may be suggested 
that this difference in the nature of sera, rather than the types of sera, might have 
been responsible for the observed differences in the rates of their absorption. 

This possibility of increase in size of antibody globulin molecules due to frac- 
tionation with ammonium sulphate and consequently a possible low absorbability of 
concentrated sera raises some doubt about correctness of the deduction that increase 
in viscosity of concentrated sera is responsible for a lower rate of absorption of 
antibodies contained in them, when that deduction is based on the results of experi- 
ments on absorption of natural seruimand that concentrated by fractionation with 
ammonium sulphate. Moreover, other factors in a concentrated serum, such as 
the presence of traces of ammonium sulphate or the altered .physico-chemical state 
which may cause inflammation of the tissues with the production of vascular con- 
gestion and local stasis of circulation and consequently a less rapid liberation of anti- 
bodies in general circulation, may also falsify the deduction on the effect of viscosity 
based on experiments with concentrated sera. Menkin (1930) showed that foreign 
protein injected into an inflamed area was absorbed into the circulation more slowly 
than when injected into .a normal area. Finland and Brown ( loc . cit.) also laid some 
stress on this factor as they found that type Y concentrated rabbit serum produced 
moderate local inflammatory reactions in the recipients and absorption in them 
was delayed as compared with the recipients of concentrated horse serum. 

It was, therefore, proposed to compare the rates of absorption of anti- 
diphtheritic antibodies in horse sera with their viscosities modified in a variety 
of ways, in order to find out with so much precision as is attainable with the 
technique followed in these experiments the effect of differences only in viscosity 
of media containing antibodies on the rates of their absorption. 

First experiment. 

Anti-diplitheritic serum from a horse was freed from suspended red blood 
corpuscles by centrifuging, O' 5, per cent phenol was added as a preservative and 
lastly the serum was filtered through Seitz E. K. pads. Its antibody titre as 
determined using the technique described in a previous paper (Laliiri, loc. cit.) was 
800 A. U. per c.c. 

Gelatin solution was prepared by dissolving 20 g. gelatin flakes in 200 c.c. 
normal saline, adjusting pH to 7'8, steaming for precipitation of phosphates and 
finally filtering through fine filter-paper in a steamer. It was sterilized by 
autoclaving. 

For the preparation of serum-gelatin mixture and serum dilution, flasks con- 
taining serum, gelatin, and sterile normal saline were kept in a water-bath at 40°C- 
for 5 minutes in order to decrease the viscosity of gelatin sufficiently to allow of a 
ready mixing with serum and at the same time not destroying the antibodies in 
■serum by excessive heating. In a sterile flask, 40 c.c. of serum and 40 c.c. of gelatin 
solution were mixed together by gentle agitation. In another flask, 40 c.c. of serum 
were diluted with 40 c.c. of saline, in order to keep the concentration of antibodies 
constant in both the substrates. Both the flasks were kept in a water-bath at 40°C. 
till injections of rabbits were over, so that temperature of fluids injected was 
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close to that of the body temperature of rabbits. Viscosity of the mixture 
and the dilution relative to water at 40°C. was determined with the Ostwald 
viscosimeter. 

Rabbits were injected intramuscularly in the thighs with 6,000 A. U. per kg. 
body- weight. Samples of blood were collected from the heart three hours, 
24 hours, and 48 hours after injection. Serum from them was separated and 
titrated according to the technique described before (Lahiri, loc. cit.). 

Results are shown in Table I : — 


Table I. 

Comparative rates of absorption of anti-diphtheritic serum mixed with gelatin 
‘ and that diluted ivith saline. 



Rabbit 

number. 

Weight of 
rabbit 
in g. 

1 Volume 
| injected 
! in c.c. 

Rates of absorption in 

UNITS PER C.C. OF 

rabbits’ serum. 

1 

3 hours. 

24 hours. 

48 hours. 

Rabbits injected with serum- 


i ! 

I 

1,700 

25*5 

l ^ 

45 

60 

gelatin mixture. 


! 



! 




f 

2 

1,480 

22*2 

6 

45 

65 

Viscosity = 4*07 . , - 

1 

i 





i 



l 

3 

950 

14*25 

6 

1 

40 

60 

Rabbits injected with scrum 


4 

1,600 

24 


35 

1 35 

diluted with saline. 




i 

6 j 


1 

T I 

f 

5 

1,300 

19*5 

12 

60 

55 

Viscosity = 1*65 * , J 

1 

i 




1 



1 

l 

6 

1,280 

19*2 

15 

60 

65 


Thus antibodies in a less viscous medium such as serum diluted with saline 
are .absorbed during the first twenty-four hours more rapidly than those in medium 
of higher viscosity such as serum-gelatin mixture. After that period the difference 
is gradiially made up till near about forty-eight hours after injection the level of 
circulating antibody titre becomes almost equal in all rabbits. 

The rate . of absorption in rabbit number four was unusually slow. But 
unfortunately it was old and emaciated and so it is perhaps reasonable to assume 
that the anatomical nature of its tissues were responsible for the anomaly. 


Second experiment. 

Serum used in the first experiment was also used for this experiment. It was 
stored at 0°C. to 2°C. 







228 - Effect of Serum Viscosity on Rate of Antibody Absorption. 


Powdered gum acacia sterilized by dry beat was dissolved in 200 c.c. of sterile 
normal saline in the cold till tbe relative viscosity of solution became nearly eight. 
It was then filtered through two layers of sterile muslin. 

In a sterile flask 40 c.c. of serum were mixed by gentle shakings with 40 c.c. of 
gum acacia solution in the cold. In another flask 40 c.c. of serum were diluted 
with 40 c.c. of sterile normal saline. Doth of them were kept in a water-bath at 
40°C. for 5 minutes before starting injections and kept there till the injections were 
over. Viscosities of the mixture and the dilution relative to water at 40°G. were 
determined. 

Rabbits were injected intramuscularly with 6,000 A. U. per kg. body- weight, 
samples of blood were collected at three hours, 24 hours, and 96 hours after 
injection, and serum separated and titrated as before. 

Results are shown in Table II : — 

Table II. 


Comparative rates of absorption oj anti-diphtheritic serum mixed with gum 
acacia and that diluted xvitli saline. 



Babbit 

number. 

i 

Weight of 
rabbit 
in g. ' 

Volume 
injected 
in c.c. 


M 


Babbits injected with serum- 


SMI 


24*6 

<6 

40 

30 

acacia mixture. 









[ 

2 


16*8 

<0 

40 

35 

Viscosity = 4*14 .. • 

i 








1 

3 


13*4 

6 

45 

35 

Babbits injected uith serum 

l 

4 

1,370 

20*5 

9 ! 

60 

30 

diluted with saline. 








j 


5 

1,100 

17*4 

9 

GO 

25 

Viscosity = 1*65 . . i 








i 


G 

1,100 

16*5 

12 

65 

35 


The results indicate as in the first experiment that antibodies in a less viscous 
medium are absorbed during the first twenty-four hours more rapidly than those 
in a highly viscous medium. Level of circulating antibody titre ninety-six hours 
after injection is almost the same in all rabbits. 

In the first experiment titre after forty-eight hours was found to be almost 
equal in all rabbits. So it appears that after twenty-four hours the difference in tho 
rates of absorption of antibodies, contained in viscous and less viscous media, is 
gradually made up till from about forty-eight hours after injection to ninety-six 
hours after injection or possibly till the complete elimination of antibodies, titre 








D. C. Lahiri. 


229 


of circulating antibodies in both groups of rabbits is maintained at the same 
level. 

Third experiment. 

Serum used in this experiment was prepared as in the first experiment. Its 
antibody titre was 900 A. U. per c.c. 

Cream obtained just after skimming cow’s milk by centrifugation with aseptic 
precautions was re-emulsified in 100 c.c. sterile normal saline till the relative 
viscosity of emulsion was near about eight. It was then filtered through two layers 
of sterile muslin. 

Thirty c.c. of serum were mixed with 30 c.c. of milk-fat emulsion in a sterile 
flask. In another flask 30 c.c. of serum were diluted with 30 c.c. of sterile normal 
saline. Their viscosities relative to water at 40°C. were determined. The flasks 
were maintained at 40°C. during injections. 

Rabbits were injected intramuscularly with 6,000 A. U. as usual, blood samples 
collected at three hours, 24 hours and 48 hours and serum titrated. 

Results are shown in Table III 

Table III. 


Comparative rates of absorption of anti-diphtheritic serum mixed with 
milJc-fat and that diluted with saline. 



Rabbit 

number. 

Weight of 
rabbit 
in g. 

Volume 
injected 
in c.c. 

j Rates 

UN' 

KA 

1 

3 hours. 

of absokp: 

ITS PER C.C. 
BBITS’ SERt 

24 hours. 

riON IN 

. OF 

rM. 

48 hours. 

Rabbits injected with serum* 


1 

1,340 

17-9 

<6 

40 

60 

milk-fat mixture. 


| 

1 


! 


i 




; 2 

1,100 

14*7 

6 

40 

GO 

Viscosity = 4*03 . . * 



! 

1 





l 

3 

960 

12*8 

6 

I 45 

i 

55 

Rabbits injected with serum 


4 

1,260 

16*8 

9 

55 

65 

diluted with Baline. 









' 

5 

1,140 

15*2 

12 

60 

60 

Viscosity = 1*62 .. - 






i 




0 

940 

12*5 

12 

CO 

55 


Thus, the results of tins experiment corroborate the results of the previous 
experiments. 

Fourth experiment. 

Serum used in the third experiment was also used for this experiment. It was 
stored at 0°C. to 2°C. 
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In a sterile flask, 30 c.c. of concentrated anti-tetanic horse serum with a relative 
viscosity of 8-5 nearly were mixed with 30 c.c. of anti- diphtheritic serum. In 
another flask 30 c.c. of anti-diphtheritic serum were diluted with 30 c.c. of sterile 
normal saline. Both of them were brought up to and maintained at 40°C. in a 
water-bath during injections. Their viscosities relative to water at 40°C. were 
determined. 

Rabbits were injected with 6,000 A. U. per kg., blood samples collected at 
three hours, 24 hours, and 48 hours, and serum titrated. 

Results are shown in Table IY : — 

Table IY. 


Comparative rales of absorption of anti-diphtheritic serum mixed toilh 
concentrated anti-tetanic horse scmm and that diluted 
ivith saline. 



Rabbit 

number. 

Weight of 
rabbit 
in g. 

Volume 
injected 
in c.c. 

Rates 

unr 

RAl 

3 hours. 

OF ABSORB 

rs PER C.C. 
3BITS’ SERI 

24 hours. 

TION IN 

or 

JM. 

48 hours. 

Rabbits injected with serum- 


1 

1,130 

15 

G 

40 

55 

concentrated-serum mixture* ; 









2 

820 

11 

G 

45 

45 

Viscosity = 4*75 * , • 









l' 

3 

1,130 

15 

6 

40 

60 

Rabbits injected with serum 

4 

1,245 

16-6 

— 1 

12 

55 

60 

diluted with saline. 








i 


5 

! 825 

1 11 

12 

i 

55 

45 

Viscosity = l‘G2 .. - 





j 




i 

6 

055 

12-75 

i 

12 

60 

55 


The results are very similar to those of the previous experiments. 

Titre in rabbits two and five at forty-eight hours were low comparative to those 
in rabbits used in other experiments. Low dosage corresponding to low body- 
weight seems to be a possible cause. 

Discussion. 

In the four experiments viscosities of natural sera were increased by adding 
different substances to them, but degrees of increase in viscosity were nearly the 
same in samples of all the four experiments. Viscosities of diluted sera used as 
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controls were also almost the same in all the experiments. Hence results of the 
four experiments may be considered together for deducing a conclusion. They 
indicate that antibodies in a medium of high viscosity are absorbed less rapidly than 
those in a medium of lesser viscosity. 

Difference in the rates of absorption of antibodies in a viscous medium and 
those in a less viscous medium appear to be gradually made up till from about 
forty-eight hours after injection the titre of antibodies absorbed in the circulation 
reach the same level in both cases, and they remain equal ninety-six hours after 
injection and possibly afterwards too. This happens perhaps due to dilution of 
a highly viscous medium injected in a tissue by fluids gradually drawn into the area 
by high colloid osmotic pressure of the medium till its osmotic pressure is in 
eq uili brium with that in the vessels in the neighbourhood. Possibly thus the 

• viscosity is diminished sufficiently to allow an optimum absorption of antibodies 
after a time. 

Thus, it appears that high viscosity of a therapeutic serum is detrimental to 
so much of its therapeutic efficacy as is due to rapid absorption of antibodies 
during the first twenty-four hours after injection. After that period, the rates of 
absorption of antibodies in both viscous and less viscous sera appear to equal, and 
if antibodies in a particular medium or in a particular physico-chemical state are 
not poorer therapeutically, their therapeutic efficacies are also likely to be of the 
same degree after that period. 

Thus, these experiments seem to demonstrate with some clarity the effect of 
viscosity of media containing antibodies on the rate of their absorption. There 
was possibly no cause for gross differences in particle size of antibody molecules 
in experimental and control media, though this cannot be asserted without 
actual determinations of particle size of antibody molecules in different media 
experimented with. However, these experiments do not in any way exclude the 
possibility that particle size may determine the rate or degree of absorption of 

• antibodies. 

It does not appear to be likely that different substances in several experi- 
mental viscous media produced the same degree of inflammation of the tissues 
injected, so as to retard liberation of antibodies in the general circulation to 
the same exent in all the four experiments. Moreover, it is difficult' to 
imagine that inflammatory changes brought about by those substances after their 
introduction in tissue in a large bulk, should disappear twenty-four hours 
after their injection, so as to allow the rates of absorption of antibodies in 
experimental and control media to equal. 

Summary. 

Antibodies in anti-diplitheritic horse serum are absorbed less rapidly after 
intramuscular injection in rabbits when they are mixed with substances such as 
gelatin, gum acacia, milk-fat, or concentrated anti-tetanic horse serum in order to 
iucrease their viscosities, than when they are diluted with saline. Difference in 
the rates of. absorption is gradually made up till from near about forty-eight hours 
after injection the rates become equal. 
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The object of the present investigation is the determination of the various 
factors responsible for the transmission of filariasis by Culex fa tigans. The present 
communication gives an account of the observations made on the influence of some 
factors on the degree of infection of Culex fatigans with the embryos of W. bancrofti 
as the result of experimental feeding on the blood of filariasis patients. The in- 
fluence of the following factors were studied : (a) effect of varying atmospheric 
temperature and relative humidity, (6) effect of density of infection in the blood of 
the donors, and (c) influence of age and race of donors. 

Summary of previous work. 

Sundar Rao and Iyengar (1930) studied the infection of Culex fatigans with Wuchcreria bancrofti 
in different seasons in Calcutta. In the monsoon they found that the heaviest infection and complete 
development of the embryos took place in 10 to 11 days. During winter the infection rate was very 
slow and complete development of the embryos took place in 18 to 20 days. During the hot season 
the infection rate was low and it took 11 to 12 daj's for complete development of the embryos. They 
further observed the behaviour of two batches of mosquitoes fed on the same case during the month 
of February, one of which was kept at room temperature, while the other batch was kept in a wet 
incubator in which a high humidity and a moderate temperature was maintained. In the former 
there was extremely slow development, the infection rate was very low, and the number of embryos 
very small. In the latter the infection was heavy and the development was more rapid. 

Acton and Sundar Rao (1931) observed that, in India, filarial infections occur along the coast and 
course of the great rivers except the Indus. They laid down certain factors which determine whether 
the area is li 3 r per- endemic, endemic, or of low endemicity. 

Sundar Rao and Iyengar (1932) observed the experimental infection of some Indian mosquitoes 
with IF. bancrofti . Culex fatigans. Anopheles pliilippinensis , A . pallidus, A. annularis , A . stephensi 
and A . ludlowii var. sundaica were found to be efficient intermediate hosts of IF. bancrofti'. * 

Knowles and Basu (1934) studied the mosquito prevalence and mosquito-borne diseases in 
Calcutta city. They observed that the intensity of breeding of Culex fatigans is at a very low level 
during the monsoon, the most favourable period of transmission. The peak of Culex breeding is in 

*This paper is in continuation of the summary report published by Knowles, Basu and Sundar 
Rao (1936). 

The investigation was conducted under the general supervision of the late Lieut -CoWI T? 
Knowles, c.i.e., i.m.s. vuiuuei 
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November when conditions for filariasis transmission rapidly become unfavourable. This vant 
of coincidence keeps the filariasis rate at a relatively low level. 

Hu (1935) found infective larvae of If. bancrofti to be able to survive over 79 days in their 
mosquito host, in addition to an incubation period of 14 days in Culcx pipiens var. pollens of the 
Shanghai area. The average mean room temperature and humidity during this series of observation 
were 76*2°F, and 77*9 per cent, respectively, for the 14 days of incubation of the parasites and 66°F. 
and 74*7 per cent for the rest of 93 days after the time of infection of the mosquitoes. 

Knowles, Basu and Sundar Rao (1936) published a summary report on filariasis transmission 
in relation to atmospheric temperature and relative humidity. 

Hu (1937) studied the influence of microfilarial density of the blood on the infection in the 
mosquitoes. He found the rate of infection was higher when tbe 3 T were fed on hcavj r filarial cases 
than when they fed on light filarial cases. 


Present observations. 

Batches of clean laboratory-bred Cvlex jaiigans were fed on suitable cases of 
filariasis (with filarial embryos in the peripheral blood) between 10 p.m. and 11 p.m. 
put up in Barraud Cages and exposed to 36 different combinations of temperature 
and relative humidity in the air-conditioning cabinet at which any temperature 
between 50°F. and 100°F, and relative humidity between 50 and 100 per cent can be 
adjusted. In each case a microfilaria count of the patient’s blood was made before 
the feed in order to ascertain the influence of density of microfilaria in donor’s blood 
on infectivity to mosquitoes. The survivors were dissected after varying intervals 
of time to test their infectivity. 


Table I. 


Temperature and filariasis transmission. 


Temperature in °F. 

Relative humidity in 
per cent. 

Experiment. 

Number of mosquitoes 
fed.. 

Number of mosquitoes 
survived. 

Filaria count per 
0*2 c.c. | 

d 

.2 

,o 

.2 

X 

a 

u* 

o 

H 

Proboscis infection. 

Total infection. 

Interval between feed 
and examination in 
days. 

50 

50 

1 

250 

132 

.. 1 

i 

0 

0 

0 

12—22 

50 

60 

2 

250 

S3 

. • 

0 

0 

0 

9—16 

50 

70 

1 

250 

90 

. . 

0 

0 

0 

9—16 

50 

SO 

1 

250 

155 

. . 

0 

1 

0 

0 

11—21 

50 

90 

1 

250 

70 

. . 

0 

0 

0 

9—13 

50 

100 1 

1 

253 

62 

•• 

0 

0 

0 

9—15 

50 

| Totals . 

B 

1,503 

592 

358—410 

0 

0 

0 

9—22 



B 

| 

i 

i 


(0 per 

(0 per 

(0 per 




B 

! 1 

i 

I 

i 

cent.) 

cent.) 

cent.) 
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Table I — contd. 
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Table I — concld. 


Temperature in °F. 

Relative humidity in 
per cent. 

Experiment. 

Number of mosquitoes 
fed. 

Number of mosquitoes 
survived. 

Filaria count per 
0*2 c.c. 

Thorax infection. 

Proboscis infection. 

Total infection. 

Interval between feed 
and examination in 
days. 

80 

50 

3 

440 

50 

. . 

0 

0 

0 

5 — 7 

80 

GO 

2 

283 

69 


7 

0 

7 

7 

80 

70 

2 

278 

78 


37 

0 

37 

7 

80 

80 

2 

217 

83 


45 

0 

45 

7 

80 

90 

6 

438 

63 

• • 

42 

46 

63 

6 — 31 

80 

100 

4 

325 

132 

•• 

96 

34 

96 

6 — 31 

80 

Totals . 

19 

1,981 

475 

26—140 

227 

(47-7 

por cent.) 


248 

(52*2 

per cent.) 

5 — 31 

90 

50 

3 

322 

0 

.. 

. . 

• « 

• . 

3 — 4 

DO 

GO 

3 

186 

14 


0 

0 

0 

8-11 

90 

70 

2 

130 

50 

. * 

0 

0 

0 

5—7 

90 

80 

1 

144 

77 

* • 

28 

19 

33 

6—12 

90 

90 

4 

447 

186 

• * 

85 

41 

85 

6—11 

90 

100 

3 

233 

77 



•• 

52 

34 

52 

8—17 

90 

Totals . 

16 

1,462 

404 

j 

20 — 150 

1G5 

(40*8 

per cent.) 

94 

(23*2 

per cent.) 

170 

(42 

per cent.) 

3—17 

I 

100 

50 

1 

217 

0 

| 

, , 

f f 

, ( 

3 

100 

GO 

1 

250 

0 


. . 

* . 

. . 

2 

100 

70 

1 

150 

0 


* . 

. , 

. . 

3 

100 

80 

2 

192 

0 


. . 

• . 

« . 

2—4 

100 

90 

3 

257 

0 


• • 

. . 

. . 

1 — 3 

100 

100 

1 

252 

0 

•• 

•• 

•• 

•• 

3 

100 

Totals . 

9 

1,318 

0 

56 — 198 

•• 

•• 

■* 

1— — 4 
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Table I and Graph 1 represent the percentages of infectivity of C. fatigans with 
W. bancrofti and their relation to atmospheric temperature. It is seen that at a 
temperature of 50°F. there is no infection. Proboscis infection rises steadily from 

Graph 1. 

Temperature and filariasis transmission. 

Shoiving the rate of infection in the experimentally-fed mosquitoes in relation 

to temperature. 


Temperature 

°F. 



60°F. to 90°F. but thorax and total infections rise steadily up to 80°F. and then there 
is a slight fall at 90°F. At 100 C F. mosquitoes will not survive till infection. 
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Table II. 


Relative humidity and filariasis transmission. 


Relative humidity in 
per cent. 

Temperature in °F. 

Experiment. 

Number of mosquitoes 
fed. 

00 

O 

O 

4*3 

& 

03 

o 

s 

O T3 
u to 
to 

a'H 

Is 

Jzj * 

Filar) a count per 

0 - 2 c.c. 

Thorax infection. 

Proboscis infection. 

Total infection. 

Interval between feed 
and examination in 
days. 

50 

50 

1 

250 

132 

. , 

0 

0 

0 

12 — 22 

50 

60 

3 



•* 

0 

0 

0 

14 — 21 

50 

70 

i 

3 

358 

| 64 


0 

0 

0 

14 — 17 

50 

| 

80 

3 

j 

440 


*• 

0 

0 

0 

5 — 7 

50 

90 

3 

332 



•• 

*• 

•• 

3—4 

50 

100 

1 

217 

0 

i 

i 

•• 

- 

i 

•• 

1—4 

50 

Totals . 

14 

1,837 

453 

i 

7 — 358 

0 

r 

(0 ! 
i per cent.) 

f 

0 

(0 

per cent.) 

0 

(0 

per cent.) ' 

1—22 

60 

50 

2 ! 

250 

83 

I 

0 

0 

0 

9—16 

60 

60 

4 

269 

193 


0 

0 

0 

12—24 

60 

70 

2 


85 

• - 

i 

0 

0 

0 

13—15. 

60 

80 

n 

283 ! 

69 

. * 

7 

0 

7 

7 

60 

90 

3 

186 

14 

.. 

0 

0 

0 

8—11 

60 

100 

1 

250 i 

0 

•* 


• • 

•• 

2 

60 

Totals . 

u 

1,488 

444 

53—410 

7 

(1-5 

per cent.) 

0 

(0 

per cent.) 

7 

(1*5 

per cent.) 

2—24 

























Relative humidity in 
per cent. 
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Table II — contd. 


O 

C 

CD 

JH 

P 

P 

c5 

p 

<D 

ft 

* s 

<D 

H 


c 

CD 

a 


K 


p 

CP 

CO 

O 

s 

P 

O 

<D 

a ^ 


p 

Cr 1 

CO 

O 

s 

P . 

O r^J 
P CD 
CD > 

a £ 

3 3 


CD 

ft 


S° 


c 

o 


M 

aj 

p 

O 

A 

H 


& 

c 


o 

P 

o 

(-1 

PH 


s 

o 


.© 

P 

ff 


c3 

P 

O 

H 


^ c 

a **-• 

UH C 

.2 

£D P 

a c3 

|.S 

■s s 

4= § 

-3 X 
c3 o 

aa 

5* 

P C <3 


70 

50 

1 

250 

90 


0 

0 

0 

9—16 

70 

60 

2 

145 

117 


11 

0 

11 

]6 — 21 

70 

70 

3 

238 

191 

. • 

86 

27 

86 

7—27 

70 

80 

2 

278 

78 

' •• 

37 

0 

37 

7 

70 

90 

2 

130 

50 

• • 

o 

0 

0 

5—7 

70 

100 

1 

150 

0 


** 


• • 

3 

70 

Totals . 

1J 

1,191 

526 

12—410 

134 

27 

134 

3—27 







(25*4 
per cent.) 

(5-1 

per cent.) 

(2/5-4 
per cent.) 


80 

50 

1 

250 

155 


0 

0 

0 

11—21 

80 . 

60 

2 

388 

202 , 

. • 


4 

4 

12—47 

80, 

70 

3 ! 

153 

112 | 

. • 

77 

36 j 

i 

78 

10—30 








(hremoccele 3) 


80 

80 

2 

217 

83 


45 

0 

45 

7 

80 

90 

1 

144 

77 

. . 

28 

19 

33 

5—12 

SO 

100 

2 

192 

0 

•* 

i 

- - - - | 

•• 

•• 

• • 

80 

Totals . 

11 

1,344 

629 

H9—35S 

153 | 

59 

160 

5—47 







1 

1 

(luemocoele 3) 








(24*3 
per cent.) 

! 

(9-3 

per cent.) 

! (2o-4 

percent.) 
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Table II — concld. 


Relative humidity in 
per cent. 

ri 

o 

.3 

S 

p 

-M 

<3 

© 

P< 

a 

<D 

H 

Experiment. 

OJ 

© 

O 

‘3 

cr* 

02 

o 

a 

O 

a> 

rO 

3 

& 

Number of mosquitoes 
survived. 

Filaria count per 
0*2 c.e. 

Thorax infection. 

Proboscis infection. 

Total infection. 

Interval between feed 
and examination in 
day a. ' 

90 

50 

1 

'250 

70 


0 

0 

0 

9—13 

90 

60 

2 

280 

169 


3 

0 

3 

12—23 

90 

70 

3 

290 

216 

*• 

28 

0 

28 

11—22 

90 

80 

G 

438 

63 


42 

46 

63 

6—31 

90 

90 

4 

447 

186 


85 

41 

85 

6—11 

90 

100 

3 

257 

0 

•• 

•• 

•• 

•• 

1—3 

90 

Totals . 

19 

1,962 

704 

28—410 

158 

87 

179 

1—31 







(22*4 

(12*2 

(25-4 








per cent.) 

per cent.) 

per cent.) 


100 

50 

1 

j 

253 

62 


0 

0 

0 

9—15 

100 

60 

2 

335 

148 

. • 

8 

0 

8 

6—18 

100 

70 

4 

362 

220 


89 

26 

89 

5—33 








(hsemoccele 4) 


100 

80 

4 

325 

132 


96 

34 

96 

6—31 

100 

90 

3 

233 

77 


52 

34 

52 

8—17 

100 

100 

1 

252 

0 

•• 

•• 

•• 

■* 

3 

100 

Totals . 

15 


639 

26—410 

245 

94 

245 

3—33 








(tuemocade 4) 



1 





(3S'3 

(14-7 

(38*3 



[ 





per cent.) 

per cent.) 

per cent.) 
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Table II and Graph 2 show the relation between relative humidity and 
infectivity of G. fatigans with W. bancrofti. At a relative humidity of 50 per cent 
and any temperature between 50°F. and 100°F. no infection of the mosquitoes 
was observed. ; 

Graph 2. 

Relative humidity and pilariasis transmission. 

Showing the rate of infection in the experimentally-fed mosquitoes in 
relation to relative humidity. 

Relative humidity in 
per cent. 



At 60 per cent relative humidity with favourable temperature a very poor 
percentage of infectivity was ^observed. At 70 per cent relative humidity with 
favourable temperature a good percentage of thorax and total infection was observed 
though the proboscis infection rate was very low at this relative humiditv. 

J, MR 16 
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Proboscis, thorax and total infection reached their peaks at a relative humidity 
of 100 per cent. From 70 per cent humidity infection rate was progressive up to 
100 per cent humidity if the slight fall of thorax and total infection at 90 per cent 
humidity is accounted for as an experimental error. 

Table III. 


Atmospheric temperature and relative humidity — Filariasis transmission. 


Temperature 
in °F. 

Relative humidity in per cent. 

50 

60 


1 

70 

' 80 

90 

100 

50 

0 

0 


1 0 

0 

0 

0 

60 

0 

0 


+ 

+ 1 

1 

+ 

+ 

70 

0 

0 


++ 

+++ 

+ 

++ 

80 

0 

i 

+ 


++ 

+++ 

++++ 

+++ 

90 

0 

0 


( 

1 0 

1 

++ 

++ 

+ + + 

100 

0 

0 


1 0 

0 1 

1 

0 | 

0 


Table IV. 

Atmospheric temperature, and relative humidity — Filariasis transmission. 


I Relative humidity in per cent. 


Temperature 1 


in °F. 

i 

• i 

50 

60 

70 

80 

90 

100 

50 

0 

0 

0 

0 

0 

0 

60 

0 

0 

9*4 

1*9 

1*8 

5*4 

70 1 

0 

0 

45 

69*6 

12-9 1 

40*4 , 

80 

i 

0 

10-1 

47-4 | 

54*2 

100 

72*7 

90 1 

X 

0 

0 

42*8 

45*6 

67*5 

100 

t 

X 

i 

X 

X 

i 

X 

X 

X 
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Tables III ancl IV represent the infectivity of mosquitoes at different combi- 
nations of temperature and humidity. In Table III 

-f- indicates infectivity between 1 and 25 per cent. 

+ + »> » 26 ,, 50 ,, 

“b+d - )> „ bl „ 75 ,. 

- H I — f - >) »• >> t6 ,, loo ,, 


In Table IV the numbers are percentages of infectivity among the surviving 
mosquitoes. It is clear that the area within the thick line is the danger zone, i.e., 
temperature between 70°F. and 90°F. and humidity between 70 and 100 per cent. 


Table V. 

Time and development op microfilaria. 


Showing the minimum time (in days ) taken for the complete development of microfilaria 
in mosquitoes and their appearance in the qwoboscis. 


' 



Relative humidity in per cent. 


einperature 
in P F. 


! 



! 



50 

60 1 

| 

70 

80 

90 

100 

50 

— 

! 

i 

1 

— 

*— 

— 

GO 

i 

i 

i 

■ 

I Immature forms 
in the thorax 
j in 19 daj r s. 

1 47 

? 

Immature forms 
in the thorax 
in 17 days. 

? 

Immature formi 
in the thora: 
in 16 days. 

70 

— 

— 

23 

20 

21 

20 

80 

i 

9 

Mature embryos 
in the thorax 
in 7 days. 

i 

i ? 

1 Mature embryos 
| in the thorax 

1 in 7 days. 

9 

Mature embryos 
in the thorax 
in 7 days. 

10 

10 

I 

00 

— 

— 

j 

9 

1 

9 

10 

100 

— 

— 

1 — 

— 

i 

— 


indicates there was no infection at all. ? indicates there was infection but the time for complete develoi 
Jut was not obtained. 1 
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Table V represents the minimum time taken for the complete development of 
the microfilaria in C. jatigans and their appearance in the proboscis of the mosquitoes. 
It is observed that temperature has a great influence over it. At a temperature of 
90°F. it will take 9 days ; at 80°F. it will take 10 days ; at 70°F., 20 days ; whereas 
at 60°F. it will take 47 days for the complete development of the embryos. 


Table VI. 


Microfilaria count and filariasis transmission. 


Filaria 
count per 
0*2 c.c. 

Number of 
mosquitoes 
fed. 

Number of 
mosquitoes 
survived. 

Experi- 

ment. 

i 

\ 

Thorax 

infection. 

Proboscis 

infection. 

Total 

infection. 

Interval 
between 
feed and 
examination 
in days. 

1 — • 50 . . 

1,226 

438 

15 

1 

1 82 


84 

3 — 28 





! (18-7 

per cent.) 


(19-1 

per cent.) 


51 — 100 .. 

3,440 

995 

31 

232 

78 

255 

1 — 47 





(23*3 

per cent.) 

(7*8 

per cent.) 

(25*6 

per cent.) 


101 — 150 .. 

1,416 

611 

12 

256 

105 

259 

3—31 ' 





(41-8 

per cent.) 

(17-1 

per cent.) 

(42-3 

j per cent.) 


151 — 200 .. 

1,229 

252 

10 

43 

i 12 

43 

2—24 





(17 

per cent.) 

(4-7 

per cent.) 

(17 

per cent.) 


201 — 300 .. 

606 

400 

6 

74 

18 

74 

5—23 





(18*5 

I per cent.) 

(4-5 

per cent.) 

(18*5 

per cent.) 


301 — 600 .. 

1,655 

699 

9 

10 

0 

10 

9—22 


\ 

1 

I 

i 


(1-4 

per cent.) 

(0 

per cent.) 

(1-4 

per cent.) 



Graph 3 and Table VI represent the infectivity of G.faligans with TF. bancrofli 
in relation to the density of microfilaria in the peripheral blood of the donor on 
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whom mosquitoes were fed. The infectivity curve reaches its peak when the 
mosquitoes were fed on the donor with 101 to 150 microfilaria per 0'2 c.c. blood. 
But when the count was increased or decreased the infectivity curve fell on 


Graph 3. 

Microfilaria count and filariasis transmission. 

Showing the rate of infection of mosquitoes in relation to microfilaria count. 



both the ways. It is likely that when the density of the microfilaria is above 
loO per 0-2 c.c. they die in mosquito’s gut due to overcrowding. It is very 
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interesting that with the highest microfilaria count we found the lowest infectivity 
rate. W e feel that Graph 3 is self-explanatory. 


Table VII. 


Age of the donor and filanasis transmission. 


1 

Age of the 
donor in 
years. 

Experiment 

number. 

! 

Filaria 

count. 

Number of 
mosquitoes 
suivived. 

Thorax 

infection. 

Proboscis 

infection. 

Total 

infection. 

11—20 .. 

20 

7 — 140 

655 

207 

60 

207 





(31*6 
per cent.) 

(9-1 

per cent.) 

(31*6 
per cent.) 

21—30 . . 

54 

12—560 

2,692 

650 

267 

659 





(24T 

per cent.) 

(9*9 

per cent.) 

(24*4 

per cent.). 

31 — 40 . . 

23 

15—213 

885 

170 

89 | 

184 


i 



(20*2 

| per cent.) 

(10 

per cent.) 

(20*9 
per cent.) 

41 — 50 . . 

7 ! 

7 — 57 

89 

25 

25 

25 


; 



(28 

per cent.) 

(28 , 
per cent.) > 

(28 

per cent.) 

51 — 60 . . 

16 

40 — 198 

73 

i 

39 1 

46 

60 

* 




(53*4 
per cent.) 

i 

I 

t 

(63 | 

per cent.) J 

l 

i 

i 

i 

(82*1 

per cent.) 


Graph 4 and Table VII represent the infectivity of C. fatigans with W. bancrofli 
with relation to the age of the patients on whom mosquitoes were fed. Almost 
uniform rate of infectivity was observed up to the 40th year of age of the patient. 
From the 40th year the infectivity rate is directly proportional to the age. the 
highest peak of infectivity being observed at the age of 51 to GO. There must he 
some physiological factor which is responsible for "this phenomenon. 
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Graph 4. 

Age of the donor and filariasis transmission. 

Showing the relation of the mosquito infection to the age of the donor. 



Tap.le VIII. 


Caste and fhriasis transmission . 


Caste. 

Experiment. 

Filaria 

count. 

Number of 
survivals. 

Thorax 

infection. 

Proboscis 

infection. 

TotaJ 

infection. 

Hindu 

69 

7 — 560 

2,677 

521 

244 * 

551 


i 



(19*4 
per cent.) 

(9-1 

per cent.) 

(20*5 
per cent.) 

Mohammedan 

41 

7—198 

1,423 

444 

i 

. 382 

451 





(31*2 
per cent.) 

(12-7 
per cent.) 

(31*6 
per cent.) 

Indian Christian 

10 

43—87 

294 

132 

63 

132 


. 



(44-8 
per cent.) 

(21*4 
per cent.) 

(44*8 
per cent.) 


Indian Christians seem to be most infective to mosquitoes, then come the Mohammedans and 
lastly the Hindus. 
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Summaby. 

Batches of clear laboratory-bred Culex faligavs tvere fed on suitable cases of 
filariasis (with embryos of If 7 , bancrojli in the peripheral blood) between 10 p.m. 
and 11 p.m. and immediately after feeding were exposed to 36 different combina- 
tions of atmospheric temperature and relative humidity. 

Both temperature and relative humidity play a very important part in the 
transmission of W . bancrojli in man by Culex jatigans. 

At a temperature of 100°F. with relative humidity between 50 and 1G0 per cent 
transmission of filariasis does not seem possible as the mosquitoes do not survive 
till the infective period. 

At 90°F. and relative humidity between 50 and 70 per cent no infection was 
seen in mosquitoes ; but at the same temperature and high humidities between 80 
and 100 per cent a fairly heavy percentage of infectivity among the survived 
mosquitoes was observed. 

At 80°F. and 90 and 100 per cent relative humidities, a very heavy percentage 
of mosquitoes become infected, in fact 100 per cent infection was seen at 80°F. and 
90 per cent humidity. Thus this seems to be the optimum condition. 

At 70°F. and humidities between 70 to 100 per cent a fairly heavy percentage 
of infection has been seen but at the same temperature and lower humidities no 
infection has been seen. 

At 60°F. and between 70 and 100 per cent relative humidities, a very poor 
percentage of mosquitoes become infected, and at the same temperature and 
lower humidities none were infected. At lower temperature the longevity of 
mosquitoes increases but the minimum time taken for the complete development 
of the filarial embryos is very long ; thus transmission in nature is doubtful 
in lower temperature. 

The minimum time taken for the complete development of the filarial embryos 
and their appearance in the proboscis of the mosquitoes was 9, 10, 20, and 47 days 
at 90°F., 80°F., 70°F., and 60°F. temperatures, respectively. 

A minimum of 12 microfilaria per 0‘2 c.c. blood has been found infective 
to mosquito. Highest infection was observed when microfilaria count was 
101 to 150 per O' 2 c.c. blood. Below and above this count the infectivity 
decreases. 

Age of the. donor is very important in mosquito infectivity. From the 40th 
year the infectivity rate is directly proportional to the age, the highest peak of 
infectivity being observed at the age of 51 to 60. 
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TICKS FOUND ON MAN. 


BY 

C. STRICKLAND, m.a., m.d., 
Professor of Medical Entomology, 


AND 


D. N. ROY, M.D., D.T.M., 

Assistant Professor of Medical Entomology. 
{From the School of Tropical Medicine , Calcutta.) 

[Received for publication, March 9, 1939.] 


Although Covell’s (1936) and Covell and Mehta’s (1936) works on the trans- 
mission of certain typhus-like fevers indicate the flea as a natural vector, the 
possibility of the tick being also a vector as suggested by Megaw (1924) must be 
borne in mind. It will be remembered that Zinsser (1935) considered the flea to 
be the natural vector of Brill’s disease and that the louse was somewhat of an 
interloper in the transmission of typhus. We, therefore, submit the schedule 
of those ticks found in relation to man of which we have records. 

The following is our record : — 


Locality. 


Identification . 


Calcutta 

Calcutta 

Calcutta 

24 Parganas (Bengal) 
Naihati (Bengal) . . 
Ambootia (Darjeeling Hills) 
Darjeeling 

Bliimtal (Kumaon Hills) 
Bliim tal ( ,, ) 

Bliawali Bamgarh (Kumaon 
Saugor (Central Province) 
Chitora (Central Province) 
Chitora ,, 

Xowgong (Assam) 

Bangalore 
Lucknow 
Xot known 


Hills) 


( 251 


Amblyomma {nymph). 

Rh ip iceph alas sa nguinms . 
Derma cent or {nymph). 
Derjnacentor {7iymph). 
Amblyomma (nymph). 

Rh ip i cepha Ins sa ngu inevs. 
Ixodes a cat itar sits. 

Rh ip i ceph a his sa n guineas. 

Hccm apliysa Us m on tgomeryi . 

Rh ipi ccphalus h (ran a physaloides. 
Hya loin in a aigypti a m . 
Ilyalomma c egyptium. 
Hannaphysalis Sp. {nymph). 

II o' maphysa I is b isp i n osa . 

II ‘i m aphy sa Us ant lea la . 

Rh ip i ceph a l as sa n g u i n c as. 
Amblyomma Sp. {nymph). 

) 
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Ticks Found on Man. 


The specimens were all captured on man and in many instances were 
reported as having bitten him and our identifications have been checked or cor- 
rected by Mr. Cecil Warburton of Cambridge to whom we are greatly indebted. 
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Price- Jones (1933) measured the mean diameter of the 500 red cells of each 
of 100 healthy individuals. From these figures he constructed two curves which 
he called, respectively, the ideal curve for the smallest and the ideal curve for 
the largest, mean diameter within normal limits. These two curves have been 
accepted by hsematologists in Great Britain and America as the standards against 
which the curves obtained in different ana?mic states are judged. 

The object of the present investigation is to provide two similar curves based 
on data obtained from Indians. There is of course every probability that there 
will be differences between Indian populations, that is, between people living in 
different parts of India, at different heights above sea levels, of different social 
statuses, and with different dietary habits. In this paper we are only concerned 
with people living in Calcutta; the subjects were 50 healthy Bengalee Hindu males 
between the ages of 18 and 53, doctors, students, laboratory assistants and servants 
attached to. or 'associated with, the All-India Institute of Hygiene or the School of 
Tropical Medicine. The volunteers were selected only from those who had not 
suffered from dysentery, malaria or any continuous fever, or kala-azar. 

( 253 ) 
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The height, weight and age of each was recorded. The finger blood was taken 
to make the smears, and in each instance it was taken in the forenoon. 

The method adopted for measuring the mean diameters is a modification 
of the method of Hynes and Martin (1936) which was devised by one of the 
present writers (Sankaran and Bao, 1938). Each cell was measured to the 
nearest 0-25 Details of this method, the great advantage of which is that 500 
cells can be measured in about an hour, are given in the latter paper. The 
data are given in the Appendix. 

Statistical analysis op data. 

The objects of this statistical analysis are : — 

(1) To estimate standard value for mean red-blood cell diameters for 

Bengalee persons, and 

(2) To determine the chance variation which may normally be expected in 

the standard mean diameter. 

Information relating to 50 different persons who according to their clinical 
examination were believed to be normal healthy persons has been recorded ; in 
the Appendix are set out the frequency distributions of about 500 red-blood-cell- 
diameter measurements on each of these fifty persons. The mean red-blood-cell 
diameters are also shown in the same table. 

It will be seen that there is a considerable variation between different 
individuals in the mean diameters, the range of variation being from 6*721 g to 
7*978 /x. Moreover, the variation or scatter exhibited by each of the fifty frequency 
distributions is smaller than that of the total frequency distribution in the last 
column. The variation observed in the total frequency distribution may be consi- 
dered to be partly due to difference? in the mean values and partly to the variation 
noticed in each frequency distribution. The question which arises therefore is 
whether the variation in the mean diameters can be reasonably neglected, or 
whether the fifty persons differ in regard to mean diameters, from each other, to 
such an extent as to form a heterogeneous set of measurements. For the purpose 
of determining a standard measurement of mean cell diameter, it is essential that the 
estimation should be based on data which can be considered to be homogeneous. 
It cannot be said with certainty that a clinical examination alone was sufficient for 
securing such a homogeneous set of data. Many other unrecognized considerations 
affecting the cell diameters in the human volunteers may have entered. Further, 
there may have been introduced in the data errors" in actual recording and 
grouping. 

An examination has, therefore, first of all been made of the homogeneity of 
the available material. As mentioned above, the total variation exhibited in the 
table may be considered to belong to two separate categories : — 

(а) Variation exhibited by measurement for each person. 

(б) Variation from person to person. 

Variation (a) is essentially due to uncontrollable factors and is inherent in the 
data. This, therefore, is taken as an estimate of variation which may be expected 
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to occur as a result of chance and is called the ‘ residual If we take the point of 
view that the normal red-cell diameters of a single species should all be the same, 
except for the inherent or residual variations, then we may argue that variation ( b ) 
should be of the same order as variation (a). If, however, variation (6) is 
comparatively greater than (a) then we may postulate that there is indication of 
heterogeneity. 

With the help of analysis-of-variance technique, it is possible to measure 
numerically the variations due to causes (a) and ( b ). This has been done in Table I 
which analyses the total variation into two parts corresponding to (a), called the 
* residual ’ and corresponding to ( b ), called the ‘ between persons ’ : — 

Table I. 


Analysis of variance of data presented in the Appendix. 


Source of variation. 

Degrees of 
freedom. 

Sum of squares. 

Mean 

i variances. 

Ratio of 
i variance. 

Between .persons 

49 

1,531*2590 

31*2502 

142-38 




(significant). 

Residual 

26,486 

5,813*2600 

0*2195 

•• 

Total 

26,535 

7,344*518994 

0*276786 

•• 


A statistical test of significance applied to the mean variances calculated in 
this table shows there is ‘ between persons ’ a significantly greater variability 
than can be accounted for by chance. The data must, therefore, be considered 
to be heterogeneous and an estimate of mean diameter from this table may not 
be reliable. 

An attempt has therefore to be made to eliminate those persons who are the 
cause of this heterogeneity. Apart from the measurement of cell diameters, in- 
formation in regard to age, height and weight of the persons was collected. This 
information is set out in Table II : — 

Table II. 


Rata relating to age, tveight, and height of 'volunteers. 


i 

Serial 

number. 

i 

Mean diameter. 1 

1 

Age. 1 

Height in 
inches. 

Weight in 
pounds. 

1 I 

7*370 

30 

67 j 

146 

2 

6*880 

30 

64 

134 

3 | 

, 

© 

CO 

»o 

24 

GS 

116 
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Table II— contd. 


Serial 

number* 

Mean diameter. 

Age. 

' j 

| Height in 
j inches. 

Weight in 
pounds. 

4 

6*840 

28 

68 

154 

5 

7-036 

35 

70 

125 

6 

7-114 

35 

65 

116 

7 

7*586 

; 30 

66 

144 

8 

7-100 

23 

i 

69 

160 

9 

7*738 

24 

I i 

65 

127 

10 

6-721 

24 

68 

114 

11 

6-864 

31 

i 

68 

140 

12 

7-290 

27 

64 

114 

13 

7-434 

38 

67 

144 

14 

7*293 

28 

65 

119 

15 

7-462 

25 

69 

112 

16 

7-580 

25 

65 

123 

17 

7-107 

33 

66 

136 

18 

7-364 

27 

66 

113 

19 

7-110 

28 ! 

64 

120 

20 

7-434 

21 

68 

114 

21 

7-030 

24 

68 

: 105 

22 

7-206 

23 

64 

110 

23 

7-532 

28 

63 

138 

24 

6-919 

29 

66 

154 

25 

7-285 

* 

36 

64 

160 

26 

7-267 

25 

| 70 

167 

27 

7-216 

26 

I 68 

132 

2S 

7-076 

i 

28 j 

66 

132 

29 

* 7-010 

19 

63 

120 

30 

1 7-313 

24 

64 

104 

31 

! 7-079 

1 

22 ' 

66 

129 
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Table II — concld. 


Serial 

number. 

Mean diameter. 

Age. 

Height in 
inches. 

Weight in 
pounds. 

32 

6*738 

25 

65 

143 

33 

7*451 

28 

54 

133 

34 

7-633 

28 

66 

112 

35 

7-249 

26 

64 

110 

36 

7-280 

20 

64 

105 

37 

7*460 

29 

69 

154 

38 

7*573 

22 

67 

119 

39 

7-205 

53 

66 

128 

40 

7*470 

26 

65 

154 

41 

7*655 

! 33 

i 

64 

112 

42 

7*978 

20 

64 

99 

43 

6*790 

32 

1 

71 

140 

44 

7*495 

27 

63 

123 

45 

7*553 

30 

70 

132 

46 

7*498 

30 

65 

100 

47 

7*603 

18 

62 

100 

48 

7*072 

30 

66 

113 

49 

7*360 

41 

67 

127 

50 

7*430 

28 

67 

117 


It was thought that if any relationship existed between mean diameter 
and any of these factors it could be taken as a basis for the elimination 
of some of the widely divergent cases. For this purpose partial co-efficients 
of correlation were worked out as follows. If the numbers 1, 2, 3, 4, denote 
mean diameter, age, height, and weight, respectively, and we denote as usual 

by symbol r 12-34 the co-efficient of correlation between variables 1 and 2 
on the assumption that variables 3 and 4 do not vary, then it is found that 

r 12-34 = - 0-044 

r 13-24 = -0-180 

r 14-23 = —0-215 


3, MR 


17 
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These three correlations denote, respectively, the degree of independent association 
between mean diameters, and age, height, and weight. All these values are 
insignificantly small and, therefore, afford no clue for securing homogeneity of the 
material. Some other method of eliminating heterogeneous element had therefore 
to be tried. 

There are several methods for eliminating outlying observations but the method 
described below appears to be adequate in this case. A fairly reliable estimate 
of the expected chance variation is already available from the residual value from 
Table I. On the basis of this value it can be estimated that, if the num ber of cells 

is 500, the standard error of the mean value should be — 0-020952. 

If this standard error is multiplied by 5-152, we get a range of variation 
within which 99 per cent of the mean values must lie if they all belong to a 
homogeneous set. 

A frequency distribution of the 50 mean values was worked out and is set out 
in Table III : — 


Table III. 

Frequency distribution of the mean values of fifty persons and the 
expected distribution from the fitted curve . 


Mean diameter. 

Observed 

frequency. 

Frequency expected 
from the fitted 
curve. 

6*6875— 

! 3 

1 ' 


6-8125- 

3 

1 2 

l 3*571 

6-9375- | 

6 

4 j 

! 

7'0G25- 

5 

j 6 

0-167 

7*1875- 

0 j 

8 

0-126 

7*3125- 

8 

8 

o-ooo 

7*4375- 

8 

8 

0*000 

7*5625- 

6 

6 

o-ooo 

7*6785- 

1 

4 1 


7 ^8125- 

. * 

2 

j 

3*571 

7*9375- 

1 

i j 
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This distribution was smoothed with the help of Pearsonian curve type I. The 
equation of this curve was found to be 

xr q ki at T 1 _L X l 5 ' 4473 IX X 15-9394 
7 = 8-5147 [l+^056ij L 1 — 8-7842 J 

The expected values from this equation are also shown in Table III. The 
value of x 2 1° test the goodness of fit of this curve to actual data was found to be 
7-43, which suggests that the fit may be considered to be satisfactory. The curve 
has undoubtedly given a good fit to the middle portion of the distribution, but 
towards both the tails the fit is unsatisfactory. This is perhaps due to the hetero- 
geneity. 

The modal value, i.e., the value which would occur most frequently, was 
calculated from the equation of this curve and was found to be 7-2918. If 
round this value we fix deviations ±_ 2-576 X 0*020952, i.e., 0-0540, there would 
fall in the range so obtained values which would be the most frequently 
occurring means and would be such as would lie within the permissible range 
of random variation. The permissible range obtained from mode ± 0-0540 
is from 7-2378 to 7*3458. It is seen from the observed data that out of 50 
means only the following seven fall within this range : — < 


Serial number 
(vide Table II). 

Actual mean 
diameter. 

12 

7*2916 

14 

l 

7*2931 

25 

7*2846 

i 

i 

26 

7*2648 

30 

7*3126 

35 

7*2784 

36 

7*2775 
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These seven cases have, therefore, been taken for the calculation of standard 
values. The frequency distributions of these seven cases are set out in Table IV 

Table IV. 

Frequency distribution of the seven cases who jail in the homogeneous 

group. 




Serial number 

OF CASES. 


Mean diameter. 








2G 

36 

35 

25 

12 

14 

30 


4*50 



. , 





4*75 

. * 




, , 

. . 


5*00 

i 




, , 

1 


5-25 

* * 

* * 


* • 

, , 

» * 


5*50 





1 

2 


5*75 

i 

i 

i 



• » 

i 

6*00 

3 

2 

l 

4 

i 

8 

2 

6-25 

ii 

2 

7 

6 

4 

7 

8 

6*50 

28 

19 

20 

19 

21 

15 

18 

6*75 

55 1 

70 

52 

40 

43 

51 

45 

7*00 

108 

113 

111 

125 

119 

100 

112 

7*25 

121 | 

127 

114 

127 

131 

113 

113 

7*50 

99 | 

119 ! 

93 

106 

118 

! 80 

j 89 

7*75 

6G 

77 1 

59 

61 

54 

74 

| 55 

8*00 

24 

17 

20 

19 

27 

35 

30 

8*25 

20 

11 

16 

10 

8 

S 

14 

8*50 

5 

2 

G 

0 

8 i 

0 i 

11 

8*75 


3 

1 

4 

1 j 

5 | 

5 

9*00 



m t 

# # 

« « 

, * 

, 4 

9*25 

t f 


# # 

• * 

» m 

• • 

, , 

9*50 




j 


• . 


Total frequency 

542 

563 

501 

i 

! 

527 | 

i 

536 

1 

505 

503 


Analysis of variance on the data relating to these seven persons is shown 
below : — 

Table V. 

Analysis of variance based on seven cases, viz., numbers 12, 14, 

25, 26, 30, 35, and 36. 


Source of variance. 

Degrees of j 
freedom. 

Sum of squares. 

Mean 

variance. 

Between persons . . 

Residual 

G 

3,670 

0*7124 

708*4598 

i 

0*1187 

0*2094 

Total . . 

3,670 

•• 

: 
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The variation from * person to person ’ may therefore be taken to be of the 
same order as the * residual \ 

The mean value obtained from these seven cases = 7 '286 
Estimate of standard deviation from the residual = 0-458 
The standard error of the mean of 500 cells = 0-02046 

If 1 per cent level of significance is taken we may say that because of errors 
of random sampling the variation in the standard mean will be ± 2 -576 x 0-02046, 
i.e., ± 0-0527. In other words, means lying within the range 7-233 to 7-339 belong 
to healthy persons. 

As suggested by Price-Jones ( loc . cit.) two normal curves have been calculated 
on the basis of these two extreme values and are presented in Table V. These 
provide the frequencies with which cell diameters may be found to occur in the 
two extreme cases. 

Table VI. 

Showing the frequency distribution expected when normal curve is 
fitted to extreme mean values 7-233 and 7-339, the 
sta7idard deviation being 0-458. 


Class intervals. 

Expected distributions. 

Mean ~ 7*233. 

Mean = 7'339. 

5*75 

1 

1 

6*00 

6 

4 

6-25 

20 

12 

6*50 

46 

33 

6*75 

80 

65 

7-00 

107 

97 

7*25 

100 

1 107 

7-50 

76 

89 

7*75 

41 

55 

8*00 i 

_ 17 

26 

8*25 

5 i 

9 

8*50 

1 

2 

Total . . 

500 

i 

500 

i 


_ It will be noticed that this treatment has provided a very narrow range within 
which means of the healthy persons may be expected to lie. It may be asked : 
What is the practical utility of this range when it excludes 43 out of a sample of 
50 persons ? The answer to this can be that the above treatment does not indicate 
that means falling outside this range are to be regarded as belonging to unhealthy 
persons. All that it shows is that the 50 means cannot be regarded as belonging 
to the same class or source,- for were it so, it is certain that their range of variation 
would be of the same order of magnitude as calculated abovb. Whether or not 
this is the usual finding could be ascertained by carrying out similar investigations 
m different populations or by examining similar data collected by other workers 
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by the same methods. From Price- Jones’ book we have measurements of 500 
cells in the case of each of 100 healthy persons. 

An examination of his data shows that there also is evidence of heterogeneity. 
This is clear from an analysis of variance, Table VII, presented below : — 


Table VII. 


Analysis of variance of Price- J ones’ data relating to 100 persons . 


Source of variation. 

Degrees of 
freedom. 

Sum of squares. 

Variance. 

. Remarks. 

i 

Between persons 

i 

Residual . . . . 

1 

i 

90 

49,900 

1,471-8106 

10,413-9428 

} 14-8068 

0-2087 

i 

Significantly greater 
than residual. 

Total 

49,999 

11,886-7634 

•* 



In order to secure homogeneity, therefore, as a first step, his data relating to 
age were used to work out a co-efficient of correlation between mean diameters and 
age. This correlation was found to be insignificant. The procedure further adopted 
has been the same as in connection with Indian figures. Price-Jones has given the 
frequency distribution of the 100 mean values. Pearsonian type I curve was fitted 
to this distribution and the following equation was obtained : — 


r T T 2*1215 r 

7-11*6677 [l +8*5] [l 


-JL.1 

18-9008 J 


G-3208 


The modal value as determined from this equation is 7-26332. The standard 
error of the mean calculated from the residual variance is 0-02043. The permissible 
range of variation of the means due to random causes around the modal value may 
be taken to be ± 0'05263. In other words we may include within the range of 
chance variation mean values, lying between 7-21069 and 7-31595. It is seen that 
there fall in this range only 26 persons whose serial numbers are ; 3, 4, 6, 12, 14, 
16, 18, 20, 24, 25, 34, 43, 44, 46, 49, 52, 58, 63, 65, 70, 75, 78, 85, 96, and 97. 

The analysis of variance on data relating to these 26 persons is set out in 
Table VIII : — 


Table VIII. 


Analysis of variance table. 


Source of variation. 

1 

Degrees of 
freedom. 

i 

Sum of squares. 

i 

Mean 

variance. 

Remarks. 

Between persons . . 

25 

j 

12-9467 

0-6178 

Significantly greater 
than the residual. 

Residual .. •. 

12,974 | 

2,667-4234 

0-2056 

•• 

Total 

12,999 

2,680*3691 

** 
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This is an unexpected result. On further investigation, it is seen that this 
significance may be ascribed to two reasons : — 

(1) A different estimate of mean for person No. 25 in Price-Jones’ table. 

We have not been able to reconcile this difference. 

(2) An unusually larger clustering of values at the extremes. 

In order to get data not showing heterogeneity we excluded one value from 
each tail end. The persons Nos. 6 and 52 were thus left out. The results of an 
analysis of variance carried out on data relating to 23 persons is presented below. 
Judged on 1 per cent level this set does not exhibit heterogeneity. 

Table IX. 


Analysis of variance of r.b.c. data relating to persons Nos. 3, 4, 12, 
14, 15, 16, 18, 20, 24, 34, 43, 44, 46, 49, 58, 63, 65, 70, 75, 

78, 85, 96, and 97. 


Source of variation. 

Degrees of 
freedom. 

: 

Sum of squares. 

Mean 

variance. 

Between persons . . | 

22 

7*2164 

0-3280 

Residual 

11,477 

2,349*7480 

_ i 

0-2047 

Total 

1 7 — - 

11,499 

2,356-9644 

i 

•• 


It is of interest that in the case of Bengalee men homogeneity was obtained 
over 7 out of 50 persons (14 per cent) whereas in Price-Jones’ data 23 per cent 
belong to a homogeneous set. The difference between the two proportions is, 
however, not different statistically. 

Discussion. 

Purely from a consideration of the laws of probability the mean values must 
be regarded as belonging to a variety of sources, as far as their r.b.c. measurements 
are concerned. If, and only if, it can be contended that 

( i ) there may be certain factors which, though significantly affecting r.b.c. 

diameters, may not produce appreciable difference in a person’s 
health, 

(ii) that the factors which may materially affect health may be of such a 

nature as to produce significantly greater variation than that produced 
by factors falling under (i), then we may adopt a wider range for 
our selection. 

In that case we will perhaps have to regard these 50 persons as providing 
us the only available estimate of the errors due to minor causes mentioned 
under (i). The estimate of their variation can be calculated from the mean 
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variance corresponding to ‘ between persons ’ as given in Table I. If we denote 
by cr— the standard error of means and by cr— tlie residual standard deviation 

then y u ~- -j- /500 will measure the variation expected in the means due 

to a combination of random as well as of those causes which though significantly 

greater than the random are to be considered of minor importance in comparison 

-- — 

with the factors under study. The value y ©•— + cr— can then be obtained 

'500' 

by dividing the ‘ between persons ’ variance by 500, and taking the square root. 
The value thus obtained for the error of the mean is 0-250. We may 
therefore say that ± 0-250 X 2-576, i.e., 0-644, can perhaps be taken as the 
permissible range of variation due to factors (i) and random causes. The mean 
value of r.b.c. diameters for 50 persons is 7-288. The extreme values therefore 
are 6-644 and 7 ‘932. The ideal curves obtained for these extreme values when 
the standard deviation is 0-468 are given in Table X. It may be mentioned that 
0‘468 is the estimate of the standard deviation obtained only from the residual 
variances of the 50 frequency distributions. 

Table X. 

Showing the normal frequency distributions expected for the smallest 
and the largest mean r.b.c. diameter for healthy Bengalees. 



Frequencies. 

Class intervals. 

Largest mean 

Smallest mean 


diameter = 7*932. 

diameter — 6*644. 


Standard devia- 

Standard devia- 

i 

tion — 0*468. 

tion = 0*468. 

5*00-5*25 


1 

5*25-5*50 

« « 

3 

5*50-5*75 


10 

5*75-6*00 

9 * 

28 

6*00-6*25 

♦ * 

58 

6*25-6*50 

1 1 

89 

6*50-6*75 

2 

105 

6*75-7*00 

9 

94 

7*00-7*25 i 

25 

63 

7*25-7*50 

53 

32 

7*50-7*75 

85 

12 

7*75-8*00 i 

105 

4 

8*00-8*25 

97 

; 1 

8*25-8*50 I 

68 

1 

8*50-8*75 | 

36 


8*75-9*00 i 

14 


9*00-9*25 

4 


9*25-9-50 

1 

•• 


500 

i 

500 



Frequency. 
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The frequencies can be represented by the two curves shown in the Graph 



Class intervals. 

formal frequency curves corresponding to the largest and the smallest mean red-blood-cell 
diameters for healthy Bengalees. 
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The limitations of this result should he carefully noticed. We have postulated 
that there are two types of factors, viz., (a) minor and (b) major, and that for the 
purpose of the present study, the minor factors, although significantly greater 
than the random causes, are to be considered of negligible importance. In actual 
fact it may not be possible to draw a line of demarcation between the minor and 
major factors because the difference may be a question of degree. For the purpose 
of this study however we have tacitly assumed that on the 50 persons no major 
factors operated. 

It will be observed that we have not allowed the same range of variability as 
adopted by Price- Jones. His choice of three times the standard deviation, which 
represents a significance level of 1 in 369 against our figure of 2 ’576 times which 
represents a significant level of 1 in 100, was an arbitrary one. The greater 
heterogeneity of the data from our so-called normal individuals seems to justify 
our adoption of a lower level of significance in calculating ideal distributions for 
practical use. 

Conclusion. 

The mean of the mean diameters of 500 red cells of each of 50 different 
individual healthy male Bengalee Indians was 7 ‘288 p against Price-Jones’ mean 
of 7-202 p. To obtain the ideal distributions for the smallest and largest, respec- 
tively, mean diameters within normal limits, we have based our calculations on a 
1 per cent level of significance. By this means we have obtained distributions 
with means of 6-644 p and 7-932 p, against Price-Jones’ figures of 6-686 and 7-718 p, 
respectively. 

We suggest that our two distributions should be used in place of Price- 
Jones’ distributions for Bengalee populations, and, until such time as standard 
distributions have been worked out for these, for other Indian populations living 
at sea-level. 
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THE USE OF DOGS FOR THE STANDARDIZATION OF 

DIGITALIS. 

BY 

J. C. DAVID, m.b., e.s., pIi.d. (Edin.), 


AND 

R. KRISHNASWAMI, m.b., b.s. (Madras). 

(From the Department of Pharmacology, Medical College, Madras.) 

[Received for publication, March 17, 1939.] 

Ip convenience and economy be the criteria for the selection of animals for the 
standardization of digitalis, the dog should be the animal of choice in this country. 
There is a strong sentiment against the killing of cats, and these animals are not 
readily available. But dogs are only too plentiful and it will certainly be an advan- 
tage if dogs could be substituted for cats in the bio-assay of digitalis. 

Ricliaud (1914) in a general survey of assay methods for the cardiotonic group 
of drugs found that the dog generally reacted to intravenous administration, but 
the intensity of the cardio-vascular changes was quite variable and bore no relation 
to the weight of the dog or the quantity of the drug given, and also that death was 
caused by respiratory failure while the heart was still working. He, therefore, 
concluded that dogs were unsuitable for the determination of the therapeutic value 
of the cardiac tonics. Rowe (1919) tested a number of Samples of ouabain and 
digitalis on cats and dogs and concluded that cats were less satisfactory than dogs. 
Haskell et al. (1928) used dogs under morphine and ether anesthesia, injecting 1 in 
10 dilution of tincture of digitalis into the vein at the rate of 2 c.c. every 21 minutes. 
No artificial respiration was used. The authors concluded that, while dogs were 
inferior to cats for the assay of digitalis, a fairly satisfactory assay may be carried 
out by using from six to ten dogs for each test. On the average dogs required 
1-75 times as large a dose to kill as did cats. Tiffeneau, Levy and Pichot (1929) 
made an intensive study of the use of dogs for this assay under chloralose anaesthesia 
and artificial respiration. Experiments on ouabain showed that dogs irrespective 
of breed or origin possessed uniform sensitivity. In a subsequent communication, 
Levy and Pichot (1929) came to the conclusion that the Hatch er-Magnus method 
developed for cats could be used in the assay of digitalis upon dogs with a maximum 
error not exceeding 18 per cent. McGuigan and McGuigan (1938) used dogs 
anaesthetized with pentobarbital (35 mg. per kilo in 5 per cent solution intraperito- 
neally). Artificial respiration was not used in every, case. Tincture of digitalis 
was injected into the femoral vein in a dose of 0 ' 1 c.c. per kilo of body-weight every 
five minutes, at least one minute being taken for each injection. Their conclusion 
is that any one dog gives results within 20 per cent of the actual strength of the 
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drug ; any two will give results within 10 per cent. As judged from the variations 
found with cats and frogs, dogs are quite as suitable for the standardization of 
digitalis. The average time of an experiment was twelve injections which occupied 
exactly one hour. 

Our method. 

We used dogs weighing from 4 to 7 kilograms, a few being puppies between 3 
and 4 kilograms. They were all anaesthetized by an intraperitoneal injection of 
chloretone in olive oil (0*2 g. per kilo), preceded by an injection of about 3 to 4 
milligrams of morphine hydrochloride per kilogram of body-weight. Cats were 
anaesthetized by an intraperitoneal injection of chloretone in alcohol (0-2 g. per kilo). 
It has been pointed out by several workers that, provided comparisons are made 
under identical conditions, the anaesthetic used was immaterial (David and Kaja- 
maniekam, 1934). Spinal animals are perhaps the best as admitted by Burn. We 
have in this series used chloretone as it is very easy to administer, the anaesthesia 
is quickly attained and is uniform both in cats and dogs. Moreover, we find that 
neither urethane nor chloralose is suitable for the dog as reflex excitement occurs 
invariably in the early stages. The method for assay was as described by de Lind 
van Wijngaarden mentioned by Burn (1928). Artificial respiration was used in 
every case. The tincture diluted 1 in 20 was slowly run into the saphenous vein and 
the m. 1. d. required to bring the blood pressure to zero was calculated per kilogram 
weight for each animal. The standard used by us was a tincture made from the 
International leaf powder (1928)* of which 0T g. was equal to one unit of activity. 
The results are given below. Lour unknown tinctures were assayed both by the cat 
method and on dogs. The duration of each experiment was from 35 to 70 minutes. 

Table I. 


Standard tincture , diluted 1 in 20. 


Cat. 

Dog. 

Weight in 

i 

m. 1. d. per 

Weight in 

m, 1. d. per 

kilograms. 

kg. in c.c. 

kilograms. 

kg. in c.c. 

2*5 

19*00 

5*4 

29*40 

3*9 

18*20 

4*4 

42*95 

2'6 

17*69 

3*8 

22*89 

2*5 

20*00 

6*5 

27*54 

2*9 

13*11 

4*4 

19*77 

1*4 

16*78 

4*8 

27-39 

2*0 

15*50 

4*1 

23*17 

3*2 

16*87 

2*9 i 

20*69 

1*5 ! 

19*33 

3*5 

28*00 

2*5 

17*60 

3*4 

28*38 

2*3 

16*95 

4*8 

! 25*31 

2*2 * 

18*18 

3*3 

28*03 

1*9 

16*58 

4*0 

25*00 

Average . . 

17*37 

1 26*81 


* Ivindly supplied by the Biochemical Standardization Laboratory of the Government of India 
at Calcutta. 
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Table II. 


Sample A, diluted 1 in 20. 


Cat. 

Dog. 

Weight in • 
kilograms. 

m. 1. d. per 
kg. in c.c. 

Weight in 
kilograms. 

m. 1. d. per 
kg. in c.c. 

i 

2*0 

17-25 

3*2 

40*94 

2*4 

19*58 

3*6 

34*44 

2*2 

20*90 

3*6 

34*58 

2*5 

20*80 

4*4 

41*81 

2*9 

22-76 

4*0 

32-75 

* 

# m 

4*1 

30*00 

•• 

*• 

8*0 

! 30-88 

— i 

Average 

20*26 

•• 

35*06 

Strength 

85"73 per cent 

i 

76*46 per cent. 

Difference in potency between 
methods. 

cat and dog 

10*27 per cent. 


Sample A was a tincture manufactured on 7tli July, 1937, with 
certificate and obtained from the Medical Store Depot, Madras, 
unopened in the laboratory since then. 


Table III. 


Sample B, diluted 1 in 20. 


Cat. 

Dog. 

Weight in 

m. 1. d. per 

Weight in 

m. 1. d. per 

kilograms. 

kg. in c.c. 

j kilograms. 

kg. in c.c. 

2*3 

26*95 

5*2 

52*69 

2*8 

29*28 

4*4 

55-55 

2*2 

26*81 

4*0 

44-25 

2*9 

31*38 

4*2 

79-76 

2*6 

31*15 

1 5*6 

47*67 

2*2 

29*32 

4*2 

47*62 



6*8 

43-68 

Average . . 

29*15 

•• 

55*98 

Strength 

59*58 per cent 

•• 

50*55 per cent. 

Difference in potency between 
methods. 

cat and dog 

9-03 per cent. 


a potency 
and kept 
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Sample B was a tincture manufactured on 2nd June, 1936, with a potency 
certificate, but with a rider to say that it should not be used after 2nd June, 1937. 
The bottle had been opened and partly used. 

Table IV. 


Sample C, diluted 1 in 20. 


Cat, 

Dog. 

Weight in 

m. 1. d. per 

Weight in 

j 

' m, 3. d. per 

kilograms. 

kg. in e.c. 

kilograms. 

kg. in c.c. 

2*0 

24-00 

3*9 

i 

32-82 

2*5 

26*40 

3*7 

32-48 

3*1 

22*26 

5*0 

34*00 

2*9 

17*58 

4*5 ! 

| 28-22 

2*5 

24-00 

3*3 

45*78 

Average . . 

22-85 

•• 

34*66 

Strength 

76*01 per cent 

•• 

l 

1 77*35 per cent. 

i 


Difference in potency between cat and dog 1*34 percent, 
methods. 


Sample C was a freshly prepared tincture made by a local firm. (Date of 
manufacture, presumably latter part of 1938.) 


Table V. 


* Sample D, diluted 1 in 20. 


Cat. 


; Doo. 

Weight in I 

in. 1. d. per 

Weight in 

m. 1. d. per 

kilograms. 

1 

kg. in c.c. 

kilograms. 

kg. in e.e. 

2*0 

36*11 

j 

5*45 

22-58 

2*3 

I 13-91 

3*9 

26*15 

2*2 

16*36 

4*2 

27-50 

2*6 

17-11 

7*3 

25-20 

1*85 

14-86 

6*2 j 

1 24*51 

Average , . 

! 

15*67 ' 


, 25-19 

Strength . . j 

110*85 per 
cent. 

t 

106*43 per 
i cent. 

Difference in potency between cat and dog 
methods. 

| 4-42 per cent. 

1 
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Sample D was bought locally and was manufactured on 4th November, 1938, 
by a reputable firm in this country. 

From the above data it is seen that the dog usually gives a lower figure as 
compared to the standard, but the error is within experimental limits and anyway 
not more than 10 per cent. In sample C, the error was 1-34 per cent, practically 
negligible. In the case of sample D which showed a potency about equal to the 
standard, the difference of 4'42 per cent is also well within the limits of experimental 
error, and therefore inappreciable. Generally speaking the m. 1. d. for the dog is 
higher per kilogram weight, the ratio being about 1 : 1-68, vide Haskell et al. (loc. 
cit.) who obtained a ratio of 1 : 1 ‘75. The individual variation in the m. 1. d. 
when a number of dogs are used is not more than is found with cats. 

Conclusions. 

We are, therefore, of opinion that dogs can very well replace cats for the bio- 
assay of digitalis without any sacrifice of accuracy of results ; and dogs are certainly 
cheaper, easier to get, and more convenient to handle than cats. 
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The following has been received for publication : — 


ANNOUNCEMENT 

Of the Francis Amory Septennial Prize of the American Academy of Arts 
and Sciences under the Will of Francis Amory. 

In compliance with the requirements of a gift under the will of the late Francis Amory of Beverly, 
Massachusetts, the American Academy of Arts and Sciences announces the offer of a septennial prize 
for outstanding v r ork with reference to the alleviation or cure of diseases affecting the human genital 
organs, to he known as the Francis Amory Septennial Prize, The gift provides a fund, the income of 
which may be awarded for conspicuously meritorious contributions to the field of knowledge 4 during 
the said septennial period next preceding any award thereof, through experiment, study or otherwise 

in the diseases of the human sexual generative organs in general’. The prize may be 

awarded to any individual or individuals for work of 1 extraordinary or exceptional merit ’ in this 
field. 

In case there is v r ork of a quality to warrant it, the first av y ard will be made in 1940. The total 
amount of the aw r ard will exceed ten thousand dollars, and may be given in one or more awards. It 
rests solely within the discretion of the Academy whether an award shall be made at the end of any 
given seven-year period, and also wdiether on any occasion the prize shall be awarded to more than a 
single individual. 

While there will be no formal nominations, and no formal essays or treatises will be required, the 
Committee invites suggestions, wdiich should be made to the Amory Fund Committee, care of the 
American Academy of Arts and Sciences, 28 Newbury Street, Boston, Massachusetts, U. S, A. 

— Editor , 

Indian Journal of Medical Research. 
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OBSERVATIONS ON THE « H ’ ANTIGEN OF VIBRIOS. 

BY 

Major M. L. AHUJA, m.d., d.p.h., i.m.s., 


Ind . Med. Res., 27 , 1, July, 1939. 


CORRIGENDUM. 

In paper entitled ‘ Serological Reactions in Kala-azar : Complement- 
Fixation, etc.’ by S. D. S. Greval, P. C. Sen Gupta and L. E. Nfipier, Ind. Jour. 
M.ed. Res., 27 , 1, July, 1939, on pages 184 and 185, in lines 8 and 9 respectively, 
read 1 137 cases ’ in place of * 132 cases \ 


— Ed. 


than those corresponding to that ot V . cliolcrce. The present communication aeais 
with a study directed towards ascertaining — 

(«) What proportion of inagglutinable vibrios in a varied collection from 
sources such as cases of clinical cholera, healthy individuals, and 
water, show ‘ H ’ relationship with the agglutinable Y. cholera ?. 

(6) Whether the flagellar antigen of vibrios showing ‘ H ’ agglutination with 
cliolera liigh-titre serum but not ‘ 0 5 agglutination is partially or 
completely identical with that of V. cholera \ 

(c) Whether a common ‘ H ’ antigen exists amongst vibrios which do not 
show ‘ H ’ serological relationship with V. cholera i. 

. [a) Two hundred and nineteen strains of vibrios which were not agglutinated 

by group I (G and V) ‘O’ serum, comprising 56 strains isolated from cholera 
cases, 35 strains from healthy persons and 128 strains from water, have been 
examined. The serological tests were chiefly made with ‘ H ’ -f- ‘ 0 ’ serum 
prepared against the classical Inaba cholera strain and the test .suspensions used 
J, MR ( 287 ) 1 
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were (1) formalized agar washings of an opacity of 2,000 million vibrios per c.c. 
and (2) chloroformed extracts of 4,000 million vibrios per c.c. prepared according 
to the method of Yassiliadis (1937). The distribution of the strains according 
to their sugar reactions (Heiberg classification) and their ‘ H ’ relationship to 
V. cholerce are given in Tables I and II : — 


Table I. 


Formalized agar washings 2,000 million vibrios per c.c. used as test 

suspensions. 


Heiberg types. 

NAG VIBRIOS. 

Case strains. 

Strains from healthy 

INDIVIDUALS. 

! Water strains. 

! 

Number of strains 
tested. # 

6 

> 

*43 

*c n 

O 

W i 

4 H 9 negative. 

Number of strains 
tested. 

c H * positive. 

4 H * negative. 

Number of strains 
tested. 

* H * positive. 

> 

*43 

ri 

to 

o 

0 

H 

IM+S+ A- 

8 

2 

[ 

6 

6 

2 

4 

1 

34 

19 

15 

IIM-S+A- 

5 

4 

1 ; 

6 

5 j 

1 

l i 

1 

48 

39 , 

9 

IIIM+S+A + 

27 

5 

22 

18 

3 

15 

i 

7 

0 

7 

IVM-S + A + 

9 

0 

9 

3 

0 

3 ! 

22 

1 

0 

| 

22 

VM+S-A- 

6 

o ; 

6 

1 

0 

i 

i i 

7 

0 

7 

VI M — S — A — 

1 

0 

1 

1 

0 

1 i 


0 

10 

Totals 

56 

n 

45 

35 

10 

25 

i 

1 

128 

58 

70 


t H 5 positive case strains # . 19*6 per cent 

‘ H ’ positive carrier strains , . 28*6 „ 

‘ H 1 positive water strains . . 42*0 „ 

M = Mannose ; S = Saccharose ; A = Arabinose. 
+ ss Acid ; — = No change. 


Average 35*5 per cent. 
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Table II. 

Chlorojorm extracts 4,000 million vibrios per c.c. used as test suspensions. 


NAG VIBRIOS. 


Heiberg types. 

Case strains. 

Strains from healthy 
individuals. 

Water strains. 

Number of strains 
tested. 

‘ H 5 positive. 

* H * negative. 

Number of strains 
tested. 

* H ’ positive. 

‘ H ’ negative. 

Number of strains 
tested. 

* H * positive. 

* H ’ negative. 

IM+S+A- 

S 

3 

5 

6 

4 

2 

34 

27 

7 

II M — S + A — 

! 

l 

5 

4 

1 

6 

6 

0 

48 

47 

i 

i 1 

Ill M + S + A + . . : 

27 

10 

17 

18 ' 

10 

8 

7 

0 

7 

IV M - S + A + . . , 

9 ; 

i 

0 

9 ; 

3 

i 

0 

1 

3 

22 

0 

22 

VM+S—A — 

6 

6 

0 

1 

0 

i 

7 

3 

4 

VI M — S — A — 

1 

I 

0 

1 

1 

0 

! 

10 

i 

0 

10 

Totals 

5G 

24 

32 

35 

21 

14 

128 

77 

51 


1 H 1 positive case strains . . 42*9 per cent \ 

* H * positive carrier strains . . CO ,, j- Average 53 per cent. 

1 H 1 positive water strains . . 5G*5 „ ) 

M = Mannose ; S = Saccharose ; A = Arabinose. 

+ = Acid ; — = No change. 

The facts that emerge from a consideration of the tables are : — 

(1) Using formalized suspensions 35-5 per cent of strains examined show 
an ‘ H 5 antigen in common with 7. cholera ?. With chloroform 
extracts the percentage of ‘ H 5 positive strains is 53 per cent 
(42-9 per cent of case strains, 60 per cent of carrier strains, and 
5G-5 per cent of water strains reacting with a cholera ‘ H 5 -f- ‘ 0 ’ 
serum to 50 per cent or over of the titre of the serum). 
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By tlie use of ‘ H ’ + ‘ 0 ’ serum in diagnosis 35-5 per cent of non-cholera 
strains in this series would have been normally diagnosed as 
V. cholercc if this test alone had been relied on. 

(2) The great majority of the ‘ H ’ positive strains belong to Heiberg types 

I and II, while Heiberg type IV strains (34 strains tested) are all ‘ H 5 
negative. 

(3) The highly sensitive nature of the chloroform extracts in demonstrating 

the flagellar antigen of vibrios is well brought out by the comparative 
tests carried out in this series. A larger number of strains become 
positive after such treatment and they show much higher titres. 

( b ) Whether the flagellar antigen of ‘ II * agglutinablc but ‘ 0 ’ inaggluiinable 
non-cholera vibrios is partially or completely identical with that of the cholera 
vibrio. 

To eliminate the possibility of a common somatic antigen being present amongst 
the strains used in this study only such strains were selected as did not agglutinate 
with any one of the 31 special ‘ 0 ’ sera raised against non-cholera vibrios isolated 
from cases, carriers, and waters and used by Taylor et al. ( loc . cit.) in their classi- 
fications of Indian strains. 

Agglutination and agglutinin absorption tests were carried out with pure ‘ H ’ 
sera prepared by absorption of the sera raised against living suspensions of ten 
selected strains with massive doses of heat-killed cultures of the homologous 
vibrios. 

Extracts of vibrios in 15 per cent chloroform were used as test suspensions. 
The value of such extracts for the demonstration of * H ’ antigen of vibrios is shown 
in the previous section. 

The following strains were used in the tests : — 

1. Vibrio Bunt — Calcutta case strain isolated on 18th June, 1936. 

Inagglutinable with group I ‘O’ serum, Heiberg 
type II, non-hcemolytic. 

2. Vibrio 2019 — Mandapam carrier strain isolated in 1936. Inagglutin- 

able with group I ‘O’ serum, Heiberg type VI, 
non-luemolytic. 

3. Vibrio 3611 — Calcutta case strain isolated on 7th July, 1935. In- 

agglutinable with group I ‘ 0 ’ serum, Heiberg type 
I, hmmolytic. 

4. Vibrio 27 — Water strain isolated on 14th October, 1936. In- 

agglutinable with group I ‘ 0 ’ serum, Heiberg type 
V, hmmolytic. 

5. Vibrio 9 E — Water strain isolated on 10th April, 1937. Inagglutin- 

able with group I ‘ 0 ’ serum, Heiberg type II, non- 
haanolytic. 

6. Vibrio G 7 — Madras case strain isolated on 29th August, 1932. 

Inagglutinable with group I ‘O’ serum, Heiberg 
type III, non-hasmolytic. 
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7. Vibrio 21 — Mandapam carrier strain isolated on 23rd June, 1932. 

Inagglutinable with group I ‘ 0 ’ serum, Heiberg 
type III, non-haemolytic. 

8. Vibrio 1801 — Calcutta case strain isolated on 25th May, 1936. 

Inagglutinable with group I ‘O’ serum. Heiberg 
type V, non-haemolytic. 

9. Vibrio 1970/1 — Calcutta case strain isolated on 19th June, 1936. 

Inagglutinable with group I ‘ 0 5 serum. Heiberg 
type VI, haemolytic. 

10. Vibrio 1811/1 — Calcutta case strain isolated on 28th May, 1936. 

Inagglutinable with group I ‘O’ serum. Heiberg 
type I, haemolytic. 

The results are given in Tables III, IV, and V. It is shown that vibrios 
possessing the * H ’ antigen in common with F. cholera can be divided into three 
main groups : — 

(1) Strains showing complete identity of the * H ’ fractions of an inagglu- 

tinable non-cholera vibrio with V. cholera}. 

(2) Strains possessing * H 5 antigen the major portion of which is identical 

with that of V. cholera} and a minor individual fraction in addition. 

(3) Vibrios possessing a minor ‘ H ’ fraction identical with that of F. cholerce. 

and a major individual fraction. 


(c) Whether a common ‘ II 5 antigen exists amongst vibrios which do ' not 
shoiv ‘ II ’ serological relationship with V. choleras. 

Of 219 strains examined 97 were not agglutinated by Inaba ‘H’-f ‘O’ serum 
either in the formalized state or when chloroform extracts i\ ere used (Table II). 
Iligh-titre sera were prepared against eight such strains representative -of each 
of the Heiberg types and thirty strains inagglutinable with Inaba ‘ II ’ -f ‘ -0 5 
serum were tested against each one of these sera to asceitain if a common ‘ H ’ 
existed amongst the group not agglutinated by cholera high-titre seium. 

‘ H ’ -f- ‘ 0 ’ sera raised against vibrios of Heiberg types I, la, V, and VI did 
not agglutinate any one of the 30 strains tested. 


‘ H ’ -f ‘O’ sera of Heiberg types IV and II vibrios agglutinated 1 and 2 
strains respectively out of 30 strains examined. 


‘H’ 4- ‘ O ’ serum prepared against a Heiberg type III vibrio agglutinated 

7 out of 30 strains to 25 per cent of titre of the serum. This was confirmed by- 
raising a high-titre serum against another strain belonging to Heiberg type III and 

8 strains out of 30 tested were agglutinated by this serum. All these strains which 

showed a partial ‘ R ’ relationship with the Heiberg type III vibrios belonged to 
Heiberg type III or IV. & 


It appears that vibrio strains not agglutinated by a cholera ‘ H ’ -f- ‘ O ’ serum 
form a heterogeneous group, some of them showing partial ' II ’ relationship amongst 
themselves. This relationship is most manifest in the case of vibrios in the series 
tested which belong to Heiberg types III and IV. 
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Observations on the ‘II ’ Antigen of Vibrios, 



f The flagellar antigen of these three strains — 9 E, Bunt and 2019 — shows a complete identity with the ‘H’ antigen of cholera 
vibrio Innba. 
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A diversity in ‘ H ’ antigens is shown similar to that which has been demon- 
strated in the case of ‘ 0 ’ antigens. 


Summary. 

1. Serological examination of a series of 219 vibrio strains inagglutinable by 
group I ‘ 0 ’ serum (Gr and Y) and isolated from sources such as cases of clinical 
cholera, healthy individuals, and water has shown that 35-5 per cent of these strains 
possess ‘ H ’ antigen partially or completely identical with c H ’ of V. cholera}. 

2. Cross-absorption tests carried out with pure * H 5 sera prepared against 
10 such strains show that vibrios agglutinable by ‘ H 5 -J- ‘ 0 ’ cholera serum can 
be divided into three main groups : — 

(1) Strains possessing ‘H’ antigen identical with that of V. cholera. 

(2) Strains possessing * H ’ antigen the major portion of which is identical 

with that of V. choleras and a minor individual fraction in addition. 

(3) Strains possessing a minor * H 5 fraction identical with that of V. choleras 

and a major individual fraction. 

3. Strains not agglutinated by a cholera ‘ H 5 + ‘O’ serum form a 
heterogeneous group some of them showing partial * H ’ relationship amongst 
themselves but the majority possess individual ‘ H ’ antigens. . 
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It is a matter of experience that many cases admitted to hospitals in Calcutta 
as c clinical cholera ’ do not show the presence of the agglutinable vibrio in the 
stools in spite of careful search and also that in many cases, where the isolations 
are effected by the use of alkaline peptone water, the proportion of agglutinable 
vibrios compared with coliform organisms and inagglutinable vibrios on the plates 
is small. 

To overcome the above difficulties a modification of Wilson and Blair’s (1931) 
medium was evolved by Read (1939), and simultaneously with the experimental 
studies of this new medium at the Central Research Institute, Kasauli, a 
preliminary field trial was instituted at Calcutta to compare its efficiency with 
that of alkaline peptone water at pH 9'2 as well as to ascertain whether under the 
conditions existing in the field the use of this medium would yield satisfactory 
isolation from natural waters and stools of carriers, where small concentrations 
of V. cholera} together with heavy opposing inocula may be expected to be 
present. 

The earlier part of this work was carried out with Read’s first modification of 
Wilson and Blair’s liquid enrichment medium in which broth was replaced by 
peptone, mannose was substituted for mannite, brilliant green was omitted, and pH 
was adjusted at 9-2. During the rest of the period the second modification of the 
medium, in which the liq. bismuthi concentration was increased threefold, sodium 
chloride was replaced by sea-salt mixture and mannose was reduced to half was 
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used with improved results. The composition of these media and mode of 
preparation have been described fully by Bead ( loc . cit.). A modification of 
Aronson’s medium, in which sodium carbonate was reduced to fths of the original 
strength and dextrin was completely omitted, was used to reduce the inhibitory 
effect of this medium on the growth of V. cholera; (vide Appendix). The 
following is a report of the results obtained during the course of the above 
investigations : — 

A SHORT DESCRIPTION OF THE AREAS INVESTIGATED. 

The investigation was carried out in three centres, viz., Rampurhat, Bashirhat, 
and Calcutta, the epidemiological features of these areas according to Lai (1938) 
being high epidemic, low epidemic, and endemic respectively. The Rampurhat 
area is situated about 150 miles from Calcutta and away from the deltaic tract, 
whereas the Bashirhat centre is in the deltaic region of South Bengal and is 
within forty miles from the city. Altogether 9 villages, 4 in Rampurhat and 5 in 
Bashirhat centres, were investigated. The villages in the latter area were further 
sub-divided into groups * A ’ and ‘ B ’ according to their recent cholera history 
as given in Table I. The investigations in Calcutta were confined to the Cholera 
Ward, Campbell Hospital, for cases, and to the city and suburbs for water 
supplies. 

Sources and materials examined. 

These are shown in Tables I-A and I-B. Altogether 658 samples consisting 
of 390 stools and 268 waters were examined. Of the stool samples 98 were 
collected from 51 cholera cases, 121 from 69 cholera contacts, and 171 from the same 
number of healthy individuals other than contacts. The water samples consisted 
of 242 from 117 tanks, 15 from 3 rivers, and 11 samples one each from 5 wells and 
6 tube-wells. All samples of stool and water were examined in the modified Wilson 
and Blair’s medium while 325 samples consisting of 203 stools and 122 waters were 
simultaneously examined by peptone-water enrichment. Ninety-eight of the 
stool samples examined in the latter medium were from cholera cases, 75 from con- 
tacts, and 30 from healthy non-contacts. Of the water samples 113 belong to tanks, 

8 to rivers, and 1 only to tube-wells. The methods of collection and cultural tech- 
nique have been described fully in the Appendix. It will be clear from this that 
one-half of the quantity of stools and less than half the quantity of waters only 
were examined in alkaline peptone as compared with the bismuth-sulphite 
medium. 


Results. 

The results of isolation of F. cholera; from cases of cholera in the new bismuth- 
sulphite medium have been included in Table II for comparison with that of 
alkaline peptone water. It will be noted that though the figures are small they 
definitely indicate a greater success with the experimental medium than with 
alkaline peptone water, the percentages of positive isolations being 64-7 and 
43-1 respectively. The difference is still more marked in view of the fact that 
of the 26 cases shown last in the table only three were clinically typical cholera 
cases. 
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Table III shows that 69 cholera contacts of which only 21 had a history of recent 
contact were examined. Four of the latter yielded V. cholera simultaneously in 
, the new medium and in alkaline peptone water. The old contacts*, on the other 
hand, were entirely negative in both the media. Of the 171 healthy non-contacts 
examined and shown in Table IV, none yielded V. cholera in the new medium nor 
in alkaline peptone water in which only 30 of the total number of samples were 
simultaneously examined for the purpose of comparison. The results of examina- 
tion of water samples from tanks, rivers, and wells have been shown in Table V. No 
T 7 . cholera was isolated from wells and rivers in spite of repeated examination of the 
latter sources. Eight of the 117 tanks, however, yielded I 7 , cholera} with the new 
medium, whereas the corresponding positive isolations were only 5 with the alkaline 
peptone-water method ; moreover, out of 242 samples from these tallies the agglu- 
tinable vibrio was isolated from 10 by the former but only from 5 by the latter 
methods. Tables VI-A and VI-B show the comparative results of isolation of 
vibrios other than T 7 . cholera in the two media. On the elimination of this 
group of organisms partly depends the efficiency of the differential medium. 
It will, however, be found that 27 '8 per cent of the samples examined in the 
new medium yielded inagglutinable vibrios as compared to 5T9 per cent in the 
alkaline peptone water. Of the former 12 - 6 per cent and of the latter 22'6 
per cent were non-fermenters of mannose. The results thus indicate that 
compared with the alkaline peptone water there is some restriction (about 
50 per cent) in the growth of the inagglutinable vibrios, particularly of the 
mannose non-fermenting types, in the new medium. The details of the Heiberg’s 
groupings have been given in Table VI-A. 


Discussion. 

In cases of clinical cholera in which the number of agglutinable vibrios may 
be expected to be relatively large, the above results show some difference in favour 
of the new medium. In the case of other human sources this difference was not 
established. The improved results in the examination of water sources were similar 
to those in cases of clinical cholera. It is probable, moreover, that the use of 
peptone water alkalinized to a pH of 9 4 2 in place of the more usual pH 8 - 0 to 8‘5 
may have improved the results obtained in alkaline peptone water. The bismuth- 
sulphite medium, however, was effective in reducing the number of inagglutinable 
vibrios present as well as colijorm types, though the number of mannose-fermenting 
inagglutinable organisms was still very large. With regard to the failure to isolate 
I 7 , cholera i from non-contacts the following points have to be considered: (1) In 
case of the Rampurhat specimens the stools were subjected to a delay of about 20 
hours and in the case of Bashirhat 8 hours before examination, as the samples were 
collected 150 and 40 miles respectively from Calcutta. The water samples took 
two hours longer to allow for the filtration through the Seitz discs to be complete 
as far as practicable. (2) The cholera history of the areas as evident in Table I-A 
did not suggest that agglutinable vibrios would be commonly present in the stools 
of the normal population. 


* Cf. postscript nt the end of the paper. 
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Summary. 

1. A preliminary field trial was carried out in three centres in Bengal, viz., 
Rampurhat, Bashirhat, and Calcutta, to ascertain the comparative efficiency of 
Wilson and Blair’s bismuth-sulphite fluid enrichment medium, as modified by 
Read, and alkaline peptone water at pH 9*2 for the isolation of V. cholera; from 
human and other natural sources. 

2. Altogether 658 samples consisting of 390 stools belonging to cases, contacts 
and healthy non-contacts and 268 water samples collected from tanks, rivers, wells, 
and tube-wells were examined. While all of them were examined in the new 
medium only 325 samples, 203 of stools and 122 of water, were simultaneously 
examined in alkaline peptone water. 

3. Of the cases of clinical cholera 64 -7 per cent yielded F. cholera y in the new 
medium as compared to 431 per cent in alkaline peptone water. Only 4 of 
21 recent contacts gave positive results with both media. Eight of the 117 tank 
waters examined yielded positive isolations in the new media, whereas only 
5 of them were positive in alkaline peptone water. All other sources were 
negative. 

4. Compared with the alkaline peptone water there was some restriction 
of growth of the inagglutinable vibrios in the new medium and the majority 
(87-4 per cent) were mannose fermenters. 
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Postscript . — Of the 69 contacts referred to in this paper 48 gave an 
old history of contact with cholera cases. These, therefore, 
can be considered as good as healthy non-contacts. — [S. C. S. — 
19-8-1939.] 



APPENDIX. 

Technique. 

Collection of materials. 

In collecting samples of stools two teaspoonfuls, equivalent to 8 to 10 grammes, 
of the material were added to 20 c.c. of 2 per cent NaCl solution contained in 
100-c.c. wide-mouthed sterile glass-stoppered bottles. Two to three drops of 
N/l NaOH solution were then added to increase the alkalinity of the specimen. 
The quantity of salt solution was later increased to 40 c.c. with a proportional 
increase of the quantum of stool inoculum. After the replacement of sodium 
chloride by sea-salt mixture in the new selective medium stool samples were 
collected in sterile normal saline instead of in 2 per cent NaCl. 

Samples of water were collected in sterile quart whisky bottles by dipping 
them directly into the source. To each of these bottles two teaspoonfuls of 
common salt were added to make the concentration between 1 and 2 per cent, 
each bottle accommodating about 750 c.c. of water when filled to the brim. For 
purposes of comparison water samples were also collected in 250-c.c. screw- 
capped medical bottles containing 20 c.c. of 10 per cent peptone and 10 per cent 
NaCl. This medium was directly inoculated with water at its source, the total 
volume being made up to 200 c.c. Eight drops of N/l NaOH were then added 
to increase the alkalinity of the specimen. 

Cultural technique. 

On arrival of the specimens in the laboratory 10 c.c. of stools were examined 
as described by Read ( loc . cit.) using the preliminary modification of Wilson and 
Blair’s liquid enrichment medium for 458 specimens and final modification for 200 
specimens. For purposes of comparison 2 c.c. of the emulsion were also inoculated 
into 20 c.c. of 1 per cent peptone water contained in the same kind of phial. In 
both cases the pH was brought up to 9-2 after inoculating the media with stools. 
The bottles were then incubated overnight at 37°C. and plated on agar and modified 
Aronson’s* media. At least 10 and usually more likely colonies from each plate 
were picked off and examined in various ways for identification of the type or types 
of vibrios present. In using the final modification (Read’s modification No. 2) 
of the bismuth-sulphite medium the pH invariably dropped and was re-adjusted 3 to 
5 hours after the initial culturing, followed by a distinct improvement in the results 
of isolation. In case of the water samples collected directly in peptone water in 
the screw-capped phials the pH of the contents was adjusted to 9-2 in the same way 
as in stool culture and incubated directly. The salted samples were passed through 


♦Aronson a medium was slightly modified to obtain better growth of vibrios. The plates were 
preserved m cokl and in darkness wrapped up in blue paper. Those more than three days old lost 

much of their efficiency and were discarded. These should be used fresh as far as possible and there 
fore bo made according to the requirements. i vmjiuic ana mere- 
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Seitz filters fitted with G-em. discs in quantities varying from 300 e.e, to 1,000 c.c. 
The discs were inoculated each into 20 c.c. of the selected medium freshly prepared 
in 100-c.c. wide-mouthed glass-stoppered bottles. The pH was adjusted to 9-2 as in 
other cases and the bottles incubated overnight at 37°C, Subsequent treatment 
was the same as in stool culture. In all cases the pH of the new medium was tested 
after overnight incubation. The very few cases where the reaction did not come 
down appreciably were incubated for a further period of 24 hours and plated again 
to study the colonies in the usual way. 



Showing the areas investigated and the number of samples examined from various sources. 
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and samples of stools and waters examined in two different media . 
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M (1) = Modification (1). M (2) = Modification (2). 



Table III. 

Shotting the comparative results oj isolation of agglutinate vibrios in modified W & B’s medium and 

alkaline peptone water from contacts. 
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31 (1) = 3rodification (1). M (2) = Modification (2). 
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BY 
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When the present writer first became actively associated with the manufacture 
of antiplague vaccine twelve years ago the practice was in force of deter- 
mining the protective value of the vaccine made at the Haffkine Institute, Bomba)’, 
by the method originally described by Morison et al. (1924a, b) and further worked 
out by Naidu et al. (1926). A batch of vaccine was not considered suitable for 
issue unless a certain percentage immunity was obtained by this test. The 
experimental anilnal employed was a susceptible strain of wild rat ( Ratlus ratlus). 
As the Bombay city rat was found to have become very resistant to plague infection 
it was found necessary to import every month large batches of rats from Madras, a 
city where no serious epidemic of plague had occurred during the present pandemic. 
For testing the protective power of a vaccine a batch of 30 to 60 rats was used and 
0‘5 c.c. of the vaccine under test was administered subcutaneously to each animal. 
Seven days later each animal received subcutaneously a test infective dose, con- 
sisting of ‘ 0-003 milligram of the spleen of a rat that had died of acute plague ’. 
The animals were then observed for a further period of 15 days and at the end of 
this period the number of animals surviving infection was noted and the protective 
power of the vaccine was expressed as ‘ percentage immunity ’, i.e., the number 
of survivors as a percentage of the animals infected. As a certain number of rats 
died from the toxic effects of the large dose (0'5 c.c. ) of the vaccine given, the animals 
which died during the interval between the administration of the vaccine and in- 
jection of the infective dose were excluded in calculating ‘ percentage immunity ’. 
Ten rats were used as controls for each test. These were given the test infective 
dose but no vaccine. Between 80 and 90 per cent of these controls usually suc- 
cumbed to the infection. By this method these workers had tested 14 batches of 
Haffkine’s Plague Prophylactic and had obtained ‘ percentage immunity ’ values 

( 313 ) 
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ranging from 13-9 to 52-7, with an average value of 36-8. On the basis of this work 
the method was adopted as a routine test for the standardization of the vaccine 
produced by the Haffkine Institute, and it was decided that no batch of vaccine 
was to be issued unless it had a * percentage immunity ’ of not less than 25. 

During the year 1928 eight representative brews of a huge production of 
7,000,000 c.c, were tested by Naidu by his method and the following results were 
obtained (Table I) : — 

Table X. 

Results oj routine testing of several brews oj plague vaccine by the 
method of Naidu et al. (loc. cit.). 


Number of 
brew. 

‘ Percentage 
immunity.* 

241 

33*3 

257 

21 *G 

279 

24*0 

28G 

20*8 

290 

14*8 

292 

7*1 

29G 

20*0 

914 

13*7 


It would be seen that none of the brews tested during the year gave the required 
‘ percentage immunity 5 of 25. Yet there was no reason whatsoever to believe that 
these brews were in any way different to those produced during the previous years. 
The methods of preparation had been standardized and were closely adhered 
to. The validity of the method of testing appeared to be open to doubt and no 
information was available as to its possible degree of error, the method having 
been based on single determinations on 14 brews. The demand at the time for 
the vaccine reached 7,000,000 c.c. in the year and if brews which did not come up 
to the standard of 25 per cent protection by the test employed and had been 
rejected it would not have been possible to meet it. Further, an alternative 
method of testing, hastily improvised, showed these brews to be possessed of 
good protective power. 
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The practice of issuing the vaccine only on the basis of the result of the test was 
accordingly abandoned and an investigation was instituted as to the validity of 
the method. In the first instance a series of duplicate tests were carried out on 
batches the results of which are given in Table II : — 

Table II. 

Results of duplicate determinations carried out to assess the error 
of the method of Naidu et al. (loc. cit.). 


Number of 
vaccine. 

i 

Resultant 4 percentage 

IMMUNITY \ 

1st j 

determination. | 

2nd 

determination. 

60/4 

! 

I 17-8 

19-23 

65/4 

! 13-6 

44-00 

61/3 l 

13-6 

21-42 

64/3 

5C-6 

17-39 

60/3 

j 44-4 

10-71 

62/4 

65-2 

34-90 


These duplicate determinations showed a maximum variation of over 400 per 
cent in the testing of an individual vaccine. The second determinations were made 
six weeks after the first determination, yet the storage of the vaccines does not 
seem to have affected the results, because some vaccines gave a higher percentage im- 
munity on second test. In fact, the results seemed to be merely chance results. On 
going through all the work reported by these authors it seemed that the test animal 
employed and the test infective dose (0 - 003 mg. of plague spleen per animal) were 
both at fault, and particularly so, the test infective dose. It was apparent that 
though the specifying of the test infective dose as ‘Q-003 mg.’ gave the impression 
of a great degree of accuracy it was really not so. The actual bacterial contents 
of seven test suspensions prepared by Naidu were counted and found to be 102, 

5,435, 250, 15,600, 26.000, 40,000, and 32,000 organisms per c.c. (Sokhey and la 

Frenais, 1928). Besides this variation in the number of organisms contained in the 
test doses, there seems to have been involved some technical error in the pre- 
paration of the spleen emulsions. Naidu (1927) reported experiments carried out 
to ‘ determine the smallest amount of plague spleen which would produce a uniform 
mortality of 90 to 100 per cent in test ( Rallus ratlus) animals’. He found that 

1 c.c. of the 1 x 10 ““ dilution of the first suspension containing 3 x 10 -3 mg. 
of plague spleen given subcutaneously per animal was enough to produce a mortal- 
ity of 90 to 100 per cent. Later, Naidu and Jung (1929) in another experiment 

found that 1 c.c. of a 10~ 12 dilution of the original suspension containing 
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3 X 10 3 mg. of plague spleen was enough to lull 90 to 100 per cent of the rats 
inoculated. Otten (1933) repeated Naidu’s experiments and found that even 

a Hf 3 dilution of the original suspension produced a mortality of only 28-3 

per cent and the next dilution (10~ 4 ), a mortality of 1*4 per cent, while the 
original suspension produced a mortality of 98'7 per cent. 

On the evidence of the duplicate determinations given above and other relevant 
matters a committee of plague workers at the Haffkine Institute which met in 1929 
decided that the method was seriousl) 1, at fault and should not be employed for the 
standardization of the vaccine. This decision was inevitable but left matters in a 
very unsatisfactory state. The only sanction we had for the then methods of pre- 
paration of Haffkine vaccine was based on the results of the experimental work 
carried out between 1924 and 1929 by employing this method (Taylor, 1933). The 
methods of preparation and in fact the protective power itself of the vaccine had 
been in dispute for some years and in 1924 the Indian Research Fund Association 
financed an inquiry to investigate the whole matter. The experimental work thus 
carried on the basis of the method developed by Naidu el al. (loc. cit.) had supported 
the existing practice as regards the selection of the seed, the duration of incubation 
of broth cultures, pH of the broth, and the very form of the vaccine. When it 
was found that the method of measuring the protective power of the vaccine was 
very faulty, all the superstructure built on it went down and left the position as it 
was in 1924. A fresh investigation was imperative as no practice connected with 
the preparation of the vaccine seemed to be founded on any very secure scientific 
grounds, as perusal of the literature abundantly showed. 


Conflicting views on Haffkine vaccine. 

Haffkine (1897) originally, on purely theoretical grounds, decided to grow the 
plague organism in nutrient broth instead of growing it on solid medium for the 
preparation of his plague vaccine. He assumed ‘ there is the possibility of the 
bactericidal power being created by the injection of the bodies of the microbes, or 
substances enclosed in them, while antitoxic properties may be communicated by 
the injection of the metabolic substances secreted or produced in the surrounding 
media ’. He had carried out no experiments to support this assumption. In 
fact he could not have done so, for he started work on the preparation of his 
prophylactic on the 8th October, 1896, and was ready with it and had started 
using it on 16th January, 1897. However, Bannerman (1902) stated, ‘Haffkine 
was successful in protecting rabbits against an inoculation of virulent plague 
microbes, by treating them previously with a subcutaneous injection of a culture 
in broth of the organisms sterilized by heat 

Haffkine’s position was soon assailed by Gaff key et al. (1899) working with the 
monkey ( Macacus racliatus) and also by Fraser et al. (1900) working with the guinea- 
pig, who showed that the clear limpid fluid of Haffkine vaccine conferred absolutely 
no protection against plague. Kolle and Otto (1903, 1904) went much further and 
asserted, on experimental basis, that a heat-killed vaccine had no protective power 
whatsoever. The value of Haffkine vaccine was, however, claimed to be based on 
the results of the use of the vaccine in the field. The statistical data of the results 
of inoculations collected in India soon after the introduction of the use of the vaccine 
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(Taylor, loc. cit.) did undoubtedly tend to show, in spite of their statistical short- 
comings, that Haffldne plague vaccine was possessed of good protective value. 
But the position was unsatisfactory, because several changes in the methods of 
preparation of the vaccine had been introduced from time to time as will be indicated 
below and no satisfactory measurement could be made of the effect of these changes 
on the resultant vaccine. The position, confused as it was, was made worse by the 
publication of the results of an extensive field trial of Haffldne vaccine carried out 
in Java in 1921-1922, which suggested the vaccine to be possessed of poor 
protective power. Otten (1936) summarized these results and showed that it 
(Haffldne vaccine) reduced plague mortality only to half, while the previous 
field tests in India had shown six to tenfold reduction of mortality. It is to 
be noted, however, that only a part of the vaccine used in Java was supplied 
by the Haffldne Institute, the rest was made in Java itself but no details 
are available of its exact mode of preparation. 

The position of Haffldne vaccine was further attacked by Kobe and Otto 
(loc. cit.) who showed that as contrasted with heat-killed vaccines which had little or 
no protective value live vaccines prepared from attenuated strains were possessed 
of very high protective power. Strong (1907) confirmed these findings and carried 
these experiments further and successfully used these living vaccines for inoculating 
human beings with good results. In more recent times Girard and Bobic (1934) 
and Otten (1936) have tested living vaccines by extensive inoculations with 
very good results. Otten on the basis of his work has asserted £ no dead 
vaccine whatever conferred satisfactory protection on guinea-pigs and wild rats — 
the test animals most susceptible to plague infection ’ and has advocated the 
use of living vaccines. 


Some changes introduced in the preparation of Haefkine vaccine 

FROM TIME TO TIME. 

The value of Haffldne vaccine was based on the statistical evidence of inocula- 
tions carried out in the field soon after the vaccine was introduced. But since that 
period several changes had been introduced in the methods of its preparation. 
Haffldne started making his vaccine from strains of Past, peslis freshly isolated 
from fatal human cases. But he soon found that it was not always possible to get 
fresh strains and resorted to passage through guinea-pigs. After lie left the Haffldne 
Institute the practice of passaging strains through susceptible wild house rats was 
started and was continued till 1933. There is no clear evidence as to what happens 
to the virulence and antigenic value of strains when passed through guinea-pigs, 
but in the case of rats, Burgess (1927) has shown that under certain conditions 
passage through a rat lowers the virulence of a strain. 

As regards the period of incubation of broth cultures the changes introduced 
were even greater. Haffldne incubated his broth cultures for six weeks at room 
temperature (i.e., 26°C. to 29°C.). The later directors of the Institute varied the 
incubation period between two weeks and nine months (Taylor, loc. cit.). These 
wide variations in the period of incubation must have produced some differences in 
the protective power of the resultant vaccines but no experimental evidence is 
available assessing the value of these changes. 
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Another important aspect in which the preparation of Haffkine vaccine has 
been varied from time to time has been the temperature at which the broth cultures 
were killed and the duration of time for which the heat was applied. Haffkine 
(1897) first killed his cultures at 70°C. and applied this heat for one hour. Two 
years later he started killing his cultures between 50°CJ. and 55°C. for 15 minutes 
(Haffkine, 1899) and the records of the Haffkine Institute show that after Haffkine 
left the Institute in 1905, the killing temperature was raised to G0°C. to G4°0. and 
was applied for 15 minutes. This practice was followed till the end of 1931. 
Obviously these temperatures must have profoundly affected the resultant vaccines, 
but for lack of suitable methods of measuring the effects of these changes, the 
matter remained uninvestigated. 


The position op the preparation op Haffkine vaccine at the 

end of 1928. 

Thus, in 1929 the technique developed by Haffkine for the preparation of the 
vaccine was followed on its general lines, but there was doubt as to its exact immuniz- 
ing value and the precise effect of the various factors involved in its preparation. 
It is true that a great deal of experimental work had been published on the subject 
in India and abroad, but the conclusions arrived at were very conflicting. Different 
workers had employed such a multiplicity of entirely unstandardized methods of 
testing that the experiments of one worker could not be compared with the work of 
another worker. It seems the main difficulty of previous workers was due to the 
lack of a constant test infective dose, constant both as regards virulence and number 
of organisms. Petrie (1929) writing about the same time as the present work was 
commenced stated, 1 There is no standard method of testing for virulence ’ of the 
plague organism. 

There were thus many points in regard to the vaccine which had not been deter- 
mined or only tested on the basis of an unreliable method. These included : — 

(o) The existence of pestis strains of different antigenic types and, if such 
existed, their value for manufacture of vaccine. 

(6) The advisability of using strains isolated from human cases or main- 
tenance of strains by animal passage. 

(c) The suitability of virulent or avirulent strains. 

{(I) The advantages or disadvantages of liquid or solid media for growth, 
(e) The most suitable temperature and duration of incubation. 

(j) The method of killing the organism including the effect of heat and 
preservatives on protective value. 

The additional question has further been raised in recent years as to the relative 
value of heat-killed vaccine made from virulent strains as compared with the use 
of live avirulent suspensions. Before these questions could be answered it was 
obviously necessary to develop a reliable method of testing the protective power 
of the vaccine and work on this subject was commenced in 1928. Progressive 
accounts of this work have already been published in the Haffkine Institute Reports 
commencing with the year 1928, and short summaries have also been reported else- 
where (Sokhey, 1932, 1936 ; Sokhey and Maurice, 1935, 1937 ; Sokhey and Chitre, 
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'1937). It is now proposed to present in this series of communications an account 
of the methods developed and the results obtained over a considerable period of 
years on the related subjects of plague vaccine, antiplague serum, chemotheiapy 
of plague, and the changes in the susceptibility of rats in areas uhere plague 
epidemics have raged. 


Summary. 

In the absence of a reliable method of estimating the protective value of the 
antiplague vaccine experimentally it has not been possible to determine the effect 
of different factors entering into its manufacture. The position is outlined prior 
to an account of further investigations. 
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EXPERIMENTAL STUDIES IN PLAGUE. 

Part II. 

THE SOLID MEDIUM OF CHOICE, AND THE OPTIMAL 
TEMPERATURE OF INCUBATION, FOR THE 
GROWTH OF THE PLAGUE BACILLUS. 

BY 

S. S. SOKHEY. 

Rajfkine Institute, Bombay. 

[Received for publication, June 12, 1939.] 

One of the essentials for protection experiments in animals is the availability 
of a constant infective test dose — constant both as regards virulence and the quan- 
tity of organisms. The most appropriate way to particularize a quantity of organ- 
isms is to give their number. Workers have been content to use rough and ready 
methods of specifying the quantity of organisms used for inducing infection in their 
experimental animals. Early workers, Gaffkey et al. (1899), Albrecht and Ghon 
(1900), Kolle and Otto (1903), and Kolle et al. (1904) expressed the quantities of 
organisms used by them for an infective dose as a loopful or portion of a loopful of a 
growth from a nutrient-agar slope. The British Plague Commission (1912) used a 
given weight of the spleen of a rat dying of acute plague. Rowland (1910) used 
1/10 c.c. of a broth growth, and Schutze (1925) described his infective dose as \ c.c. 
of a two-day broth culture, and later this worker used a weighed amount of plague 
spleen and specified the number of organisms contained in it, but the author does 
not indicate the method of enumeration employed by him (Schutze, 1932). In 
the Haflkine Institute the standard infective dose consisted of 0'003 mg. of plague 
spleen of a rat dying of acute plague. 

Indeed the literature contains few records of actual counts of plague organisms. 
The British Plague Commission (1906) made very rough enumerations of a number 
*of organisms in the blood of a rat dying of acute plague by the dilution method in 
nutrient broth. Liston (1906) reported a count made on a 48-liour culture of plague 
in broth by plating successive broth dilutions on nutrient-agar slopes. He planted 
10 c.mm. of each successive tenth dilutions on an agar slope, and found that he 
obtained 2 to 4 colonies in the 1 in 100,000 dilution. Taking an average of 3 colo- 
nies in 10 c.mm. of a 1 in 100,000 dilution would give a count of 30 millions per c.c. 
in the original 48-hour broth growth. As will be shown later this count was roughly 
one-tenth to one-twentieth of what it should be. Besides this inaccuracy, he must 
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have found the successive counts very variable as did Stevenson and Kapadia (1924) 
(work done in 1910-11, but reported in 1924) who, working in Liston’s laboratory, 
stated ‘ attempts were made to count the number of bacilli so injected by the dilu- 
tion process and subsequent growths on agar slopes, but owing to the auto-agglu- 
tination of plague bacilli in suspension such irregular counts were met with that the 
attempts had to be abandoned Later, D’Aunoy (1923) reported a large number 
of counts from 80-hour growths in broth incubated at 28°C. to 30°C. He plated 
his dilutions on nutrient-agar plates for colony counts. He does not say whether 
he encountered any difficulty with regard to the constancy of results such as was 
met by Stevenson and Kapadia. 

The medium op choice for the growth of Pasleurclla pestis. 

The difficulties encountered in the enumeration of viable plague organism 
by the method of plating were due to the use of an unsuitable medium. All the 
workers had assumed, and it now appears quite wrongly, that nutrient agar was 
a suitable medium for the growth of the plague organism. Textbooks on bacteriol- 
ogy have taught that Past, pestis grows well on ordinary nutrient agar. In the 
course of the present studies undertaken by the writer on the subject of a test 
infective dose, attempts were first made to estimate the number of organisms in 
48-hour broth cultures by making successive 1 /10 dilutions and plating on ordinary 

nutrient agar. With a dilution of 10 -1 a confluent growth would result and 

with 1(T 2 the growth would be very crowded, while with 1(T 3 no growth at all 
would appear after 48 hours’ incubation at 27°C., the optimal temperature of 
incubation for the organism in liquid media. Gore (1929a, b) working on the 
problem at about the same time at the Haffkine Institute observed that the 
addition of blood to nutrient agar promoted the growth of Past, pestis. High 
dilutions of broth growths or suspensions of Past, pestis, which would show no 
growth when planted on nutrient-agar slopes, would produce a number of 
discrete colonies when planted on blood-agar slopes. He took advantage of this 
differential growth of the organism on the two media for devising a test for 
testing the purity of plague cultures. The test he devised consisted in the 
planting of a high dilution of broth culture or suspension under test on nutrient- 
agar slopes and blood-agar slopes, and incubating them at 37°C. for 48 hours. 
At the end of this period of incubation the agar slopes should show no growth at 
all if the original cultures are pure, while blood-agar slopes should show discrete 
colonies of Past, pestis. The development of any colonies at all on agar slopes 
makes suspect the purity of the original culture. The test in detail is described 
by Taylor (1933), and has, with great saving of labour, been in routine use at the 
Haffkine Institute since the middle of 1928. 

On the basis of this observation blood agar was used for colony counts and 
the successive dilutions were found to give closely comparable results. Later, 
Schutze and Hassanein (1929) reported observations attributing the difficulty of 
initiating growth of plague and other Pasteurella strains lying widely scattered 
on agar plates to oxygen sensitivity of these organisms. * In their opinion the 
addition to agar of reducing substances overcame this difficulty. These obser- 
vations were further extended by Wright (1934). 
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The relative growth of the plague bacillus on nutrient agar, 5 per cent and 01 
per cent blood agar, agar containing 0'05 per cent copper sulphate, and agar with 
005 per cent sodium sulphite, was estimated. For preparing blood agar, nutrient 
agar was melted and allowed to cool to 45°C. and then the desired amount of 
defibrinated rabbit blood was added, thoroughly stirred, and poured into Legroux 
tubes, 220 mm. long and 25 mm. in diameter, each tube giving a usable spreading 
surface of about 40 sq. cm. These tubes are illustrated in Plate XII. Working in 
a highly industrialized Indian city these tubes were found to be a great improve- 
ment on Petri dishes, as they made it easy to eliminate serial contaminations. 

For measuring the relative growth of Past, pestis on the various media men- 
tioned above, each of the seven progressive tenth dilutions in nutrient broth of 
a 48-hour broth culture of a fully virulent strain incubated at 27°C. was plated 
on a set of eight parallel tubes of each medium with a special pipette designed 
to deliver the dilution and also to spread it on the surface of the medium. This 
pipette will be described in Part III of this communication (page 332). 0'05 c.c. 

of a given dilution was seeded in each tube. Legroux tubes after being seeded 
were incubated for 72 hours at 37'5°C. The results obtained are given in 
the Table : — 

Table. 

Growth of Past, pestis on agar surfaces. 

Seven progressive tenth dilutions were made from a 48-hour broth culture 
of a fully virulent strain incubated at 27°C. Sets of eight parallel plates of each 
medium were seeded with each dilution ; 0-05 c.c. of dilution being spread on each 
plate. Legroux tubes were employed and the amount of dilution used was spread 
on about 40 sq. cm. of the agar surface. The tubes after being seeded were 
incubated for 72 hours at 37-5°C. 


Average number of colonies per tube in the various 
dilutions used. 


Medium. 

10- 1 

o 

1 

I0 -3 

nr 4 

10- 6 

10 -6 

1(T 7 

Nutrient agar . . . . 

Confluent 

growth. 

104 

3 

1 

0 

0 

0 

5 per cent rabbit-blood agar 

91 

Profuse 

growth. 

Profuse 

growth. 

Profuse 

growth. 

** 

142 

IS 

I 

1 

0*1 per cent rabbit-blood agar 

9 * 


- 

133 

18 

1 

10 per cent horse-serum agar 

)> 



•f i 

130 

16 j 

1 

0*05 per cent copper-sulphate 
agar. 

»» 


99 

*» 

112 

12 I 

1 

0*03 per cent sodium-sulphite 
agar,* 

1 

1 

*9 

99 

- 

82 

I 

7 

0 


* The sulphite-agar tubes were prepared 36 hours before use. The reaction of all media was 
adjusted at pH /*0. 
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These experiments have been repeated a number of times with similar results 
and leave no doubt about the fact that sparsely seeded Past, pcslis does not grow 
on nutrient-agar surface. If blood serum, copper sulphate, or sodium sulphite is 
added to nutrient agar, growth of the organism is enhanced, but the enhancement of 
the growth in the case of copper sulphate, sodium sulphite, and serum is not always 
as consistent as is shown in the Table. Now and then' the enhancement is much 
less than in the case of blood. From extensive experience of the subject it has been 
found that blood agar is the best solid medium for the growth of Past, pcstis. When 
high dilutions of a suspension of broth culture are planted on this medium the 
growth is maximal and the discrete colonies resulting equal approximately to the 
number of organism present in the dilution. This point will be dealt with more 
fully in a later communication. 


Optimal temperature op incubation for the growth of plague 

BACILLUS ON SOLID MEDIA. 

Precise measurements of the growth of the plague organism in nutrient broth at 
different temperatures from 0°C. to 45°C. have been made (Sokhey, 1938) and these 
findings will be given in a separate communication ; for the present it will suffice to 
state that for a 48-hour period of incubation maximum growth in broth takes place 
between 23°C. and 27°C. However, when high dilutions of plague-broth cultures 
are seeded on agar slopes, no growth results if the slopes are incubated at 27°C., 
while some growth appears if they are incubated at 37-5°C. If progressive tenth 
dilutions of a broth culture of a fully virulent strain grown at 27°C. for 48 hours are 
made in nutrient broth and 0'05 c.c. of each dilution is planted on about 40 sq. cm. 
of an agar surface and incubated for 48 to 72 hours at 27°C., a profuse confluent 

growth results from dilutions 10 -1 and 10~ 2 , but no growth at all appears on 

surfaces seeded with dilutions higher than 10~ 2 That is at 27°0. temperature of 
incubation either profuse confluent growth results or no growth at all. 
No discrete colonies can be obtained. A plague-broth culture grown for 
48 hours at 27°C. contains approximately 400 millions organisms per cubic 

centimetre. 0'05 c.c. of dilution 10 -2 , which gives a confluent growth, would 
therefore contain 200,000 organisms, and since 0-05 c.c. of the dilution is spread 
on 40 sq. cm., it would appear that about 5,000 organisms must be planted 
on each sq. cm. of an agar surface to get any growth at all, if the plates are 
incubated at 27°G. The phenomenon is illustrated in Plate XII. Legroux tubes 

from left to right were seeded with O'Oo e.c. of dilutions 10 -2 , 1CT 3 , 10" 4 , and 
Iff 5 of a 48-hour broth grown at 27°C. and were incubated at 27°C. for 

96 hours. In the first tube, with 10~ 2 dilution, a thick growth resulted, but in 
the other tubes no growth at all appeared. Even incubation for a further period 
of 72 hours did not result in any growth in the last three tubes. 

When however Legroux tubes were seeded with same dilutions and in the same 
quantities and at the same time as those reproduced in Plate XII, but incubated 
at 37-5°C. for 96 hours, discrete colonies appeared even in the tube seeded with 

dilution 1(T 3 . This is not a chance result. In the course of the work very many 
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Explanation op Plates XII and XIII. 

The effect of temperature of incubation on the growth of plague bacillus 

on nutrient-agar surfaces. 

Two sets, each of four Legroux tubes, of nutrient agar were planted at the same 

time with dilutions 10~ 2 , ICf 3 , lO -4 , and HP 5 of a 48-hour broth culture grown 
at 27°C. 0-05 c.c. of each dilution was planted per tube. One set was incubated 

at 27°C. and the other at 37‘5°C. for 96 hours. 

Plate XII shows the set incubated at 27°C. for 96 hours. There is profuse 

growth in the first tube seeded with HT 2 dilution and no growth at all in 
other tubes. 

Plate XIII shows the set incubated at 37*5°C. for 96 hours. Discrete colonies 
appear in the first and second tubes (144 and 32 in number) seeded with dilution 

1CT and 10 respectively, and no growth in third and fourth tubes. Note that 
although at this temperature of incubation growth appears in the tube with 

dilution 10 , while there was no growth in the corresponding tube when incubated 

at 27°C., yet the growth in the first tube with dilution 10~ 2 is less profuse than 
in the corresponding tube when incubated at 27°C. 
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Explanation op Plates XIV and XV. 

Growth of the plague bacillus on blood-agar plates incubated at 37 - 5°C. 

To compare the growth of Past, pestis on blood agar with that on nutrient 
agar, a set of seven Legroux tubes was seeded with dilutions 10~ 2 , 10~ 3 , KT 4 , 

Iff 5 , 1CT 6 , 10~ 7 , and 10" 8 of a 48-hour broth culture grown at 27°C., by spreading 
0*05 c.c. of each dilution on about 40 sq. cm. of 5 per cent rabbit-blood agar 
surface per tube. These tubes were incubated for 96 hours at 37-5°C., 
and can be compared with those in Plate XIII. In the case of blood agar, 

growth appears in dilutions up to 10~'. Plate XIV shows blood-agar tubes with 
dilutions 10 -2 , 10~ 3 , 10~ 4 , and 10 -5 , while Plate XV shows tubes with dilution 

10~ 5 , 10 -6 , 10~ 7 , and 10 -8 . It is to be noted that the fourth tube in Plate XIV 
and the first tube in Plate XV is the same tube. The growth is too profuse 

_ t) 

to count in the first three tubes in Plate XIV, representing dilutions 10 *> 

10~ 3 , and 10 -4 . The growths in tubes with dilution 10~ 5 , 10~°, and 10~ 7 in 
Plate XV are discrete colonies numbering 161, 21, and 2 respectively. There 

is no growth in tube with dilution 10 . 
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determinations have been made and very often growth appears even in 10 -4 and 
10' 5 dilutions when incubated at 37-5°C. For example, in the experiment given 
in Table I growth on nutrient agar appeared in dilution 10 . It is, however, to be 

noted that in the tube seeded with dilution 10 , the growth is in discrete colonies 
and definitely less than the growth in the corresponding tube which was incubated 
at 27°C. The phenomenon is illustrated in Plate XIII. That growth in the tube 

seeded with 10“ 2 dilution should be more when incubated at 27°C. than when 
incubated at 37 - 5°C. is in keeping with the observation that the optimal 
temperature of growth for the plague organisms in nutrient broth is in the 

neighbourhood of 27°C. Yet no growth appears in the tubes with 10 -3 dilution 
when incubated at this temperature, while appreciable number of discrete colonies 
appear when incubated at 37-5°C., a temperature at which growth in a liquid 
medium is less than 1 /10th of the growth at 27°C. The fact is undoubted that at 
the incubation temperature of 27°C., the optimal temperature of growth of the 
organism in a liquid medium, about 5,000 organisms per sq. cm. of nutrient-agar 
surface must be planted to yield any growth at all. While at the incubation 
temperature of 37'5°C., a temperature very unfavourable for the growth of the 
organism in a liquid medium, 500 organisms planted per sq. cm. of nutrient-agar 
surface are enough to yield some growth though the growth is only about one- 
thousandth of the possible growth. 

At the same time as Legroux tubes of nutrient agar, photographed in Plates XII 
and XIII, were seeded two sets each consisting of seven blood-agar Legroux tubes 
were also seeded to contrast the growth on this medium with the growth on nutrient 
agar. One set was incubated at 27°C. and the other at 37-5°C. The set of tubes 
incubated at 37*5°C. is photographed in Plates XIV and XV. It will be seen that 

in the case of blood agar as high a dilution as 10“ 7 of the same 48-hour broth culture 
yielded some colonies. The set of tubes incubated at 27°C. gave almost the same 
number of colonies in the respective dilutions ; but the colonies were slightly 
smaller. The growth on blood agar, whether incubated at 27°C. or 37-5°C., is 
maximal, and the number of colonies resulting approach very closely to the 
number of organism present in a dilution. 

Discussion. 

Experiments are described elucidating the effects of two temperatures of 
incubation, 27°C. and 37-5°C., on the growth of Past, pestis on nutrient agar-surfaces. 
It is shown that if progressive tenth dilutions are made of a 48-hour broth culture 
grown at 27°C., containing about 400 millions organisms per c.c., and 0 - 05 c.c. of 
each dilution is planted on 40 sq. cm. of nutrient-agar surface and the plates are 

incubated at 27°C. confluent growth appears in the tube seeded with 10 -1 and 10~ 2 

dilutions, but no growth appears on tubes seeded with dilutions 10 -3 and higher. 
If the tubes are incubated at 37-5°C., some growth in the form of discrete colonies 

results even in the tubes seeded with 10 though the growth in the tube seeded 
with 10“ 2 dilution is less than the growth in the corresponding tubes incubated 
at 27°C. That in the latter case, i.e., incubation at 27°C. of tube with 10~ 2 dilution, 
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there should be more growth is understandable because maximum growth in broth 
takes place in the neighbourhood of this temperature, but question arises why the 

tube seeded with 10 dilution should show growth when incubated at 37-5°C. and 
not when incubated at 27°C. because in the .case of the growth of Past, pestis 
in broth only about 1 /10th as much growth results at this temperature as 
at 27°C. 

Whatever the explanation, the fact remains that when plates are incubated 
at 27°C. about 5,000 organisms per sq. cm. of the nutrient-agar surface must be 
planted to get any growt h at all, but when the plates are incubated at 37'5°C. seeding 
of 500 organisms per sq. cm. of nutrient-agar surface is enough to give growth. It 
is, however, to be noted that in sparsely seeded tubes though the growth at 
37’5°C. is more than at 27°C. it is still only about one-thousandth of the 
possible growth. 

The addition to nutrient agar of rabbit blood (5 per cent to 0’1 per cent), horse 
serum (10 per cent), copper sulphate (0’05 per cent), or sodium sulphite (0 - 05 per cent) 
makes the growth maximal. Of the various agents mentioned, blood when added 
to agar consistently gives reliable results and the numbers of colonies resulting on 
this medium from the seeding of dilutions tend to equal the actual numbers of 
organisms present in the dilutions. 

The increase in the growth of Past, pestis resulting from the addition of blood, 
copper sulphate and sodium sulphite has been attributed to the reducing power 
of these agents. This explanation hypothesizes that Past, pestis is oxygen 
sensitive and the addition of reducing substances lowers the oxygen tension 
obtaining in an ordinary agar plate and thereby permits Past, pestis to grow. 
The better growth noted in sparsely seeded tubes when incubated at 37‘5°C. 
than when incubated at 27°C. probably suggests that some other factor or 
factors are also involved, unless it so happens that 10° rise of temperature 
lowers the oxygen tension of the medium sufficiently to permit of growth, 
which is not very likely. There is another common observation which 
militates against this hypothesis, i.e., when Past, pestis is grown in a liquid 
medium like nutrient broth the total growth takes place at the surface of the 
medium where the medium is in contact with oxygen and never in the body of 
the medium. Similarly, the better growth on serum agar does not lend 
support to the oxygen tension theory. 


Summary. 

Experiments are reported which confirm the observation that the addition 
of defibrinated blood, serum, copper sulphate, and sodium sulphite promotes 
the growth of sparsely seeded Past, pestis on agar surfaces. It is indicated that 
the possible reduction of oxygen tension on agar surfaces by the addition of 
reducing agents is not the sole explanation of the increased growth. Though 
an explanation of the observed facts is uncertain, it is clear that for the culti- 
vation, on Bolid medium, of sparsely seeded Past, pestis, the medium of choice 
is blood agar, and the optimal temperature of incubation 37'5°C., a temperature 
very unfavourable for the growth of this organism in a liquid medium. 
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In the previous part of this paper (Sokhey, 1939) the view was stressed that 
one of the essentials of animal experimental work is the availability of a constant 
infective dose, constant both as regards virulence and the quantity of organisms, 
and that the most appropriate way to particularize a quantity of organisms is to 
give their number. The defects of previous attempts at enumerating the number of 
organisms present in a suspension or in a broth culture by colony-count method 
were shown to be due to the use of nutrient agar for plating, a medium un- 
suitable for the growth of Past, pestis. It was also shown that blood agar was 
the medium of choice and a temperature of 37'5°C. the optimal temperature 
for the growth of the plague bacillus sparsely seeded on solid media. On the 
basis of these observations a method for counting viable organisms contained 
in a broth culture or in a suspension by plating has been worked out. the details 
of which will be described in this paper. 

The method was utilized for the purpose of developing a constant infective dose 
from 48-hour broth cultures incubated at 25°C. to 27°C. and these will be chiefly 
referred to, but the method is equally applicable to suspensions of the organism 
made from growths on solid media. 

Ten c.c. of the broth culture, the bacterial content of which is desired to be 
measured, are introduced into a 20-c.c. ampoule with a flat bottom and the 
ampoule sealed. Then the ampoule is vigorously shaken to break up clumps 
and chains of the organism. For this purpose the ampoule is shaken in the 
shaking attachment of an International Centrifuge (International Equipment Co., 
Boston, U.S.A.) for five minutes. The broth in the course of shaking develops a 
considerable amount of froth. To make the froth subside it is touched with a 
straight platinum wire dipped in octyl alcohol for about 1 cm. of its length. The 
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addition of this amount of octyl alcohol does not interfere Avith the \dability of 
the organisms. Next a series of progressive tenth dilutions are made by adding 
1 c.c. of the culture to nutrient broth Avith standardized 1-c.c. pipettes graduated 
to deliver. For each dilution a fresh 1-c.c. pipette is used and the fluid from the 
pipette is delivered sufficiently sloAvly to prevent droplets of fluid forming and 
remaining behind in the lumen of the pipette. Immediately before a pipette is 
charged, the suspension is thoroughly shaken for about three minutes by rotating 
the tube betAveen the palms of the hands. 

Of the dilutions so prepared, a dilution or dilutions are selected for plating on 
blood agar such as will give discrete colonies when 0-05 c.c. of the dilution is 
spread on about 40 sq. cm. of the blood-agar surface and incubated at 37-5°C. 
Bach of the selected dilutions is planted on a set of eight blood-agar (5 per cent 
rabbit blood) Legroux tubes (each 220 mm. x 25 mm.). Each tube is planted 
with 0 05 c.c. of a dilution. This quantity of a dilution is delivered and spread 
on about 40 sq. cm. of the surface of the blood agar in the Legroux tube with 
a special pipette. 

This special pipette is 25 cm. in length and 0'8 cm. in external diameter. It 
has a largish bore, and the lower 15 cm. of the pipette is graduated to the tip into 
0-05 c.c. divisions to deliver 0‘5 c.c. in all. The last 2 cm. of the tip end of the 
pipette is ground into a cone to permit the pipette being used as a spreader. 
Thus, the pipette is used both to deliver the inoculum and to spread it on the 
surface of the medium. 

0'05 c.c. of a dilution is delivered on to the middle of the blood-agar surface 
of the Legroux tube and is carefully spread by means of the cone end of the pipette 
on about 40 sq. cm. of the surface. For spreading the inoculum the cone end of 
the pipette is systematically passed over the area at least eight times. The 
quantity of the inoculum per tube (40 sq. cm. blood-agar surface) Avas fixed at 
0 - 05 c.c. because it Avas found that this quantity Avas just enough to cover the area 
without permitting any of the inoculum to run on to the edges of the surface. 

The selection of a suitable dilution for plating- is a matter of importance. It 
is found that a dilution of which 0 - 05 c.c. when spread over 40 sq. cm. of blood-agar 
surface produces between 10 and 40 colonies gives the maxima] count. If the next 
lower dilution is used the counts tend to be Ioav, and if the next higher dilution is 
used the counts tend to be somewhat irregular. For a 48-hour broth cidture 

incubated at 27°C., the 10 6 dilution answers the requirements best. In practice it 
is enough to plate this dilution alone for colony counts ; the dilution above and beloAV 

this, however, may be plated to check the count of the 10 -0 dilution. 

The accuracy oe counts. 

The accuracy of the colony counts made by this method can be assessed from 
two different points of view. For certain experimental purposes, it is important 
to know that if the same batch of broth and the same strain of organism are used 
and 48-hour cultures are made under exactly the same conditions on two or more 
different occasions, Iioav close the quantitative measurements of the resultant 
growths by this method are ? In this connection the requirement ' under exactly 
the same conditions ’ must be clearly defined. Ordinarily, if the quantity of the 
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nutrient broth of the same batch, the amount of inoculum and the temperature 
of incubation are kept constant the resultant growths can be expected to be 
approximately equal, but this is not so in the case of Past, pestis. The difference 
is created by the fact that Past, pestis groivs only on the surface of the liquid medium 
and not in the body of the medium. Therefore, the total quantity of the broth used 
is not as important as the surface area of the broth, or rather the circumference of 
the surface area, as will be shown below. Thus, if each of the two test-tubes of a 
Certain diameter is filled with 10 c.c. of broth and one is kept absolutely vertical and 
the other at an angle, the growth in the slanting tube is much more than the growth 
in the vertical tube. For small surface areas the growth appears to be directly 
proportional to the surface area, as is shown by the following experiment : — 
Two test-tubes of exactly the same size (150 mm. long and 18 mm. internal 
diameter) were taken and 10 c.c. of broth of the same batch placed in both of them. 
These tubes were seeded with 0-05 c.c. of a 48-hour broth culture and rotated to 
thoroughly mix the inoculum with the broth. The two tubes were then placed in 
an incubator adjusted to 25°C., one tube was kept absolutely vertical and the 
other was kept slanting, and the edges of the slant were marked on the sides of the 
test-tube. The surface area of the broth in the vertical tube was 2-98 sq. cm. and 
in the slanting tube 6-45 sq. cm. The tubes were incubated for exactly 48 hours 
and the number of organisms per c.c. of broth in the two tubes was counted by the 
method described above. The results obtained are given in Table I : — 


Table I. 


Effect of surface area and its circumference on the growth of 
Past, pestis in nutrient broth. 

Ten c.c. of nutrient broth were placed in each of two test-tubes of exactly the 
same internal diameter. One tube was incubated in a vertical position and the 
other in a slanting position for 48 hours at 25°C. 
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This experiment was repeated twice with similar results It will be seen that 
though the quantity of broth, the inoculum, and the duration and temperature of 
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incubation were exactly tbe same in the two cases, yet the growth in the slanting 
tube Avas almost cloubie the growth in the other. The number of organisms per 
sq. cm. of the surface area is almost the same in the two cases, i.e., 1,140 millions 
and 990 millions, and the growth appears to be directly proportional to the surface 
area. But this correlation is only superficial as is shoAvn by the following experi- 
ment : — 

Tcn-e.c. quantities of a batch of nutrient broth Avere placed in a test-tube and 
in a small Haffkine flask, and also 20 c.c. of the same broth Avere placed in another 
flask of the same size. The surface of the broth Avas 2-41 sq. cm. in the test-tube, 
5029 sq. cm. in the flask Avith 10 c.c. of broth, .and GO-84 sq. cm. in the flask 
with 20 c.c. of broth. 0-5 c.c. of a 48-hour broth culture was seeded into each of 
the three and shaken thoroughly to mix the inoculum with the broth and incu- 
bated at 25°C. for 48 hours. The results obtained are giA r en in Table II : — 

Table II. 

Effect of surface area ami its circumference on the growth l 

of Past, pestis in nutrient broth. 

Ten c.c. of nutrient broth Avere placed in a test-tube, and 10 c.c. and 20 c.c. 
of the same nutrient broth Avere placed in two small Haflkine flasks of the same 
size. All the three were seeded with 0-5 c.c. each of a 48-hour broth culture. 
They Avere all placed in a A r ertical position in an incubator and incubated at 
25°C. for 48 hours. 
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i 

Vertical 
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2*41 
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5-47 

5,070 
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2,104 

927 

o. 

Small Haffkine 

»» 

10 

50-29 

25-13 

25,750 

2,575 

512 

1,024 


flask. 







3. 

Do. 

1 

20 

00-84 

27-05 

21,000 

1,050 

845 

7G0 


In this case the ratios of surface areas of the broth in the two flasks 
to the surface area of the broth in the test-tube are 25 to 1 and 21 to 1 
respectively, while the ratios of the growths are 4 to 1 and 5 to 1, clearly 
shoAving that the growths in the three containers are not proportional to the 
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surface areas. Nor have the growths any relationship to the quantities of the 
broth, because 10 c.c. of the broth in the test-tube yielded only about ] /5th 
of the growth in the same quantity of the broth in the first flask. And the 
. total growths in the two flasks are about the same, although the quantity 
of broths in one flask is twice as much as in the other. It also follows that 
. the depth of the medium also has no effect on the growth. It is thus clear 
that neither the surface area nor the quantity of the broth nor the depth of the 
’medium affects the total growth, but the data given in Table II disclose another 
possible relationship. The growths are directly proportional to the length of the 
circumferences of the surface areas of the broth in the three containers. Each 
centimetre length of the circumference in the three containers yields about equal 
number of organisms, i.e , 927, 1,024, and 760 millions. Clearly the total amount 
of growth is conditioned by the length of the circumference of the surface area of 
nutrient broth. This relationship was masked in the experiment described in 
Table I because the ratio of the two surface areas of the broth and the ratio of the 
circumferences of the broth surfaces in the tw r o test-tubes were of the same order. 
The difference between growths noted with reference to the length of the circum- 
ference of the broth surface is well within the experimental error of the method of 
determining the number of organisms. 

The effect of the surface area of the nutrient broth or its circumference has 
been stressed because nutrient-broth tubes are usually placed in wire baskets of 
various sizes for keeping them in incubators, and the tubes thus usually assume 
any undetermined inclination to the horizontal. This circumstance produces 
great differences in the resultant growths. For obtaining relatively equal amounts 
of growth, tubes of exactly the same internal diameter should be used and they 
must be kept in a vertical position while undergoing incubation. 

The same circumstance, i.e , the growth of the organism on the surface of the 
liquid medium or its periphery, imposes another restriction. Irregular amounts 
of growth were obtained over a period of time during a series of determinations 
carried out to compare the growth of Past, pcslis at different temperatures of 
• incubation, but a careful examination of the data showed that the growths were 
always more when the tubes were put in the incubator on Saturday mornings and 
;S taken out on Monday mornings. This happened to be the time of the week 
when the incubator was not used by other workers for putting in their cultures. 
During this period of the week the tubes were allowed to incubate absolutely 
undisturbed. It thus transpired that the slight jars resulting from the frequent 
opening and shutting of the incubator door made some of the growing organisms 
lose their hold on the surface and drop into the body of the medium, thus 
ceasing to multiply further. Since then, a special low temperature incubator 
has been installed on the ground floor of the Institute and used exclusively 
for this purpose. 

Thus, if the same quantity of the same batch of nutrient broth is placed in 
tubes of the same internal diameter and exactly the same amount of inoculum of 
the same strain of the organism is used and the tubes are placed in the incubator 
in an absolutely vertical position and incubated at a given temperature for the same 
period of time absolutely undisturbed, the growths obtained on two or more different 
occasions when measured by the method of colony counts described here agree 
a. mu . 
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very closely. Three growths in one batch of broth gave the following results: 
6’15 X 10 s , 5-27 X 10 8 , and 6 X 10 8 organisms per c.c. and with another batch of 
broth 3-58 X 10 8 , 3-37 X 10 8 , and 3-69 X 10 8 organisms per c.c. 

The second angle from which the accuracy of the method must be assessed is : 
How do the counts obtained by this method compare with the number of organisms 
actually present in a given broth culture or suspension of plague organism ? 
This assessment can be done either (1) by comparing the counts obtained by 
the colony-count method with those obtained by direct microscopic observation, 
(2) by measuring the biological response to infection, or (3) by statistical 
evaluation. 

Counts of numbers by direct microscopic observation present certain 
difficulties. The organisms do not settle down rapidly in the counting chamber 
and show considerable Brownian motion. Further, by microscopic observation 
both viable and dead organisms are counted. Subject to these disadvantages 
counts were carried out, on three different broth suspensions by both the 
colony-count method and’ under the microscope ■with a Petrolf-Hausser Bacteria 
Counting Chamber. 

The following results were obtained : — 


Suspension. 

Colony count, 
organisms per 
c.c. in millions. 

Microscopical 
count, organisms 
per c.c. in 
millions. 

1st ». 

52 

56 

2nd 

78 

85 

3rd . . j 

79 

95 


The direct counts are higher than the colony counts in all cases, maximum 
excess being 20 per cent. Direct counts under the microscope do not distinguish 
viable organism from non-viable ones, and are likely to be higher than colony 
counts by plating as the latter method enumerates only viable organism. In any 
ease the correspondence of results is fairly close. 

The accuracy of the colony counts was also tested by measuring the biological 
response of a highly susceptible animal to infection. As will be shown in 
a later paper the strain of white mouse inbred at the Haffkine Institute has 
been found to give extremely satisfactory results with doses which at most 
represent a few units. If progressive tenth dilutions of a suspension are made 
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and the number of organisms enumerated by the colony-count method des- 
cribed, a dilution will be reached in which no organism will be present in the 
volume of the dilution elected for injection per animal. Then, if such a 
volume of such a dilution is given to a number of animals of the selected 
susceptible strain, no mortality should occur if the colony counts agreed with 
the number of organisms actually present in the volume of the selected dilution 
injected per animal. 

Progressive tenth dilutions in saline of 48-hour broth growths of two virulent 
strains were made in 10-c.c. quantities and were administered to highly susceptible 
white mice. 

The results are given in Tables III and IV : — 


Table III. 

Verification of colony counts by animal experiments. 

Virulent plague strain I. — 48-hour growth at 25°C. in nutrient broth gave a 
colony count of 1-6 X 10 S organisms per c.c. Progressive tenth dilutions in saline 
were made and 0’5 c.c. of dilutions Iff 6 , 10~ 7 , lO -8 , and Iff 9 were administered 
subcutaneously per mouse. 


Dilution. 

Number of or- 
ganisms per 0*5 
c.c. of dilution 
used as tlie 
infective dose 
per animal. 

Number 
of mice 
infected. 

Number 
of deaths. 

i 

Average number 
of days elapsing 
between infec- 
tion and death. 

10 _G 

SO 

5 

5 

4-8 

10" 7 

S 

5 

5 

7*2 

10" s 

1* 

5 

0 

•• 

10~ 9 

*? 

f> 

0 

*• 


* This dilution v as made by adding 1 c.c. of the previous dilutions 
to 9 c.c. of saline and would thus contain 1G organisms in 10 c.c. These 
16 organisms are not likely to be so uniformly distributed in 10 c.c. ns 
to contain one organism per 0'5 c.cT of the infective dose used. 

? 10 c.c. of this dilution will contain theoretically less than two 
organism?. 
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Table IV. 

Verification of colony counts by animal experiments. 

Virulent plague strain 39 /B. — 48-liour broth growth with a colony count of 
1-7 X 10 8 organisms per c.c., progressive tenth dilutions in saline were made, and 

0-5 c.c. of dilutions 10 -1 , 10~ 2 , 10 -3 , Kf 4 , 10" 5 , l(f 6 , Kf 7 , and Kf 8 injected per 
mouse. 


Dilution. 

Number of or- 
ganisms per Q"5 
c.c. of dilution 
used as the in- 
fective dose 
per animal. 

Number 
of mice 
infected. 

Number 
of deaths. 

Average 

| number of days 
[ elapsing between 
j infection and 

I death. 

io- 1 

8,500,000 

5 

5 

2*0 

j 

XT 2 i 

850,000 

5 

5 J 

2*4 

XT' 3 

85,000 

5 

5 

3 *4 

XT' 4 

8,500 

i 

5 

l 

5 

3T 

XT 5 

850 

5 

| 

5 

3*0 

10~ C 

S5 

. 5 

5 

4*2 

( 

o 

r-4 

9 

5 

5 

5*0 

XT 8 

1* 

5 

2 

_____ 

7*5 


*Here again the same phenomenon is repeated as in the last experi- 
ment. Total number of organisms in 10 c.c. of the Inst dilution contained 
18 organisms according to colony counts. Since tho chances of this 
small number of organisms being uniformly distributed in 10 c.c. saline 
are small when 0*5 c.c. of this dilution was given per mouse, only two 
animals died. 

The animal experiments show that the colony counts agree closely with the 
number of organisms actually present in a dilution. 

The accuracy of the colony counts made by this method, when checked by 
the statistical method suggested by Fisher (1936), is of a high order. Agreement 
of the observed distribution with the Poisson distribution affords in the dilution 
method of counting a test of the suitability of the technique and medium. If 
the technique of dilution affords a perfectly random distribution of bacteria, the 
medium used for plating is entirely suitable and the organism can develop on the 
plates without mutual interference, then the observations will agree with the 
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Poisson distribution. This test was applied to 82 sets of four parallel plates 
each, which had been employed for certain measurements. 

9 

For each set of these parallel plates the value of x" was calculated by 
applying the formula 

2 q / “ *2 

X _ S(S — X ) 

X 

in which x,, x„ x are the number of colonies on each individual 

plate and x the mean of these numbers. For true samples of a Poisson series, 
X 2 calculated in this way will be distributed in a known manner (Fisher, loo. cit.). 
For a set of four plates x 2 will vary between 0 and 11*341. The expected 

and observed distributions of x tbis particular observation are given in 
Table Y. It will be seen that considering that 82 sets of only four parallel plates 
were used, the agreement between the expected and observed distribution is fairly 
good, showing that the technique of colony counts described is suitable. A large 
amount of data of counts employing eight parallel plates for each count is being 
collected and will be presented in a later communication. 


Table V. 

Test of agreement with Poisson series. For bacterial colony counts. 


82 sets of four parallel plates. 


* 2 

Expected 

frequency 

percentage. 

Observed 

frequency 

percentage. 

0-0115 .. 

1 


0-115-0-185 .. 

1 

. . 

0-185-0-352 . . 

3 

. • 

0-352-0-584: . . 

5 

* , 

0-5S4-1-005 .. 

10 

7*41 

1*005-1-424 

10 

12*35 

1*424-2*3GG 

20 

17*28 

2-3GG-3-GG5 . . 

20 

2S*40 

3*GG5-4*642 .. 

10 

13*58 

4-G42-G-251 .. 

10 

8*G4 

0*251-7*815 .. 

5 

G*17 . 

7*S15-9*S37 .. 

3 

3*70 

9*837-11 "341 .. 

1 

2*47 

Above 11*341 .. 

1 

i 
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Summary. 

A method (employing blood-agar surfaces and 37'5°CJ., the temperature of incu- 
bation) is described for counting the number of viable plague organisms present 
in broth cultures or suspensions. It consists in making progressive tenth dilutions 
of the broth culture or suspension and spreading by a special pipette O' 05 c.c. of a 
suitable dilution on 40 sq. cm. surface of blood agar in set3 of eight Legroux tubes. 
A suitable dilution is one which would give 10 to 40 colonies after incubation at 

37'5°C. For a 48-hour broth culture incubated at 27°C. a 10~ C dilution usually 
gives the required number of colonies. The counts obtained by this method are 
shown to agree closely with the actual number of organisms present in a dilution 
counted by direct enumeration under the microscope and by the biological response 
of a highly susceptible animal to infection ; the method is shown to be statis- 
tically valid. 

It is shown that a 48-hour growth of the plague bacillus in a liquid medium 
bears no relation to the total quantity as such of the medium nor to its surface 
area, but is directly proportional to the circumference of its surface area. This 
fact imposes certain restrictions when attempts are made to compare growths 
obtained on two or more different occasions by using equal quantities of the same 
batch of nutrient broth and the same amount of inoculum of the same strain of the 
organism. Successive growths give very close results by this method of counting, 
if the same quantity of the same batch of nutrient broth is placed in tubes of the 
same internal diameter, and exactly the same amount of the inoculum of the same 
strain of the organism is used, and the tubes are placed in the incubator in a 
vertical position and incubated in an undisturbed state free from jars, at a given 
temperature for the same period of time. 
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EXPERIMENTAL STUDIES IN PLAGUE. 


Part IV. 

EXPERIMENTAL ANIMAL OE CHOICE EOR PLAGUE WORK. 


BY 

S. S. SOKHEY. 
Haffkine Institute, Bombay. 


[Received for publication, .Tune 12, 1939.] 


Previous workers have used a wide variety of experimental animals, monkeys, 
rabbits, guinea-pigs, white rats, wild house rats, and white mice, but preference lay 
with the guinea-pig as the most susceptible animal although for convenience wild 
house rats ( Rattus ratlus) and white rats were also freely used. Petrie (1929), 
summing up the reported work, says, ‘ White rats and guinea-pigs possess an 
almost uniform susceptibility to plague, mice are less susceptible and rabbits are 
least susceptible to the infection’. Otten (1933) more recently came to the 
conclusion that the guinea-pig was the animal most susceptible to plague ; 
after the guinea-pig he placed the wild rat, the white mouse, and the white rat in 
their order of susceptibility. He says, ! Obviously wild rats and guinea-pigs 
largely differ as to their susceptibility to plague infections ; infected with 
20 to 50 bacilli only 35 per cent of the wild rats were killed, whereas the 
mortality rate of guinea-pigs was almost 100 per ceut ; with 2 to 5 bacilli all 
wild rats resisted and still S5 per cent of guinea-pigs died’. His experimental 
work further showed that a single bacillus of a highly virulent strain was 
enough to kill a guinea-pig. He also concluded that though the white mouse 
seemed to be almost as susceptible as the wild rat, the susceptibility of the 
mouse was not specific, and was not constant. He found that white mice 
infected with a very large infective dose tended to escape death. He not only 
found the white rat to be the least susceptible but also not constant in this 
respect. 


( 341 ) 
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Over a long period of time the wild house rat ( Ratlns rallus) had been preferred 
as the experimental animal fox plague work at the Haffkine Institute. As the 
Bombay wild house xat had become resistant to plague, wild house rat was 
imported monthly for this purpose from Madras city which had not suffered from 
any serious plague epidemics during the present pandemic. 

As stated in the Introduction to this series of papers ( see Part I) the method 
hastily improvised in 1928 to check up the routine method (Naidu el cd., 1926) in use 
at the time for measuring the protective power of Haffkine vaccine also employed 
the wild house rat (Madias) as the test animal. As determinations on the same 
batches of the vaccine over and over again with various changes in the preparation 
and nature of the infective dose with the use of the wild house rat as the 
experimental animal gave very wide variations in results it appeared possible 
that the wild rat v r as unsuitable for the purpose. This work also showed that 
plague-broth cultures could with advantage be used for inducing test infection. 
The British Plague Commission (1912) had found broth cultures of little use 
for this purpose. Writing on * the immunity of the wild house rat in India ’ the 
Commission stated, ‘ again it was a matter of no small difficulty to find some means 
of regulating the dose of plague bacilli injected so as to maintain an even dose in a 
long series of experiments ; two variable factors had to be regulated, the virulence 
of the organism and the number used in each dose. We soon learnt that broth 
cultures were of little or no use for our purpose, and after a prolonged series of trials 
of different methods we adopted the method of spleen emulsions Both the 
difficulties encountered by the British Plague Commission in the use of broth 
cultures for the preparation of a suitable test infective dose have been got 
over; the number of organisms contained in an infective dose can be accurately 
counted by the method described in Part III of this paper (Sokhey, 19396), and 
the virulence of the organisms can be maintained unaltered for years by the 
method briefly described elsewhere (Sokhey, 1936) and to be fully reported 
in Part VI of this communication. These methods permit of the use of broth 
cultures for the preparation of a truly constant test infective dose, constant 
both as regards the virulence of the organisms and the numbers used. Such an 
infective dose compares very favourably with the spleen-emulsion method the 
constancy of which is largely deceptive (Sokhey, 1939«). Having thus devised the 
means for preparing constant infective doses the question of the suitable test 
animal was then investigated and the results are reported here. 

Test infective doses were prepared from 48-hour broth cultures grown at 
25°C. Three different highly virulent strains of Past, peslis were employed. 
Progressive tenth dilutions in saline were made from 48-hour broth cultures and 
the numbers of organisms contained in them determined by colony-count method 
by plating (Sokhey, 19396). Suitable quantities of these dilutions containing a 
known number of plague organisms were selected and administered subcutaneously 
to batches of selected species of animals with a view to determine the minimum 
lethal infective dose for each species. This was further particularized by the time 
elapsing between infection and death. Animals were observed for a period of 
26 days after the induction of infection. Those dying within this period were 
dissected and examined for evidence of plague by microscopical examination of 
smears, and failing that by cultural methods. Animals which survived were 
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killed at the end of this period of observation of 25 days and similarly 
examined. Animals -which died during this period always showed plague bacilli 
in spleen and liver smears, but no plague organisms were ever seen in the 
smears of these organs from those animals which survived the period of 25 
days. The results are given in Tables I to X : — 


Table I. 


Relative susceptibility of various laboratory animals to plague infection. 
Past, pestis strain I. Experiment 1. 


1 

Animal. 

Average 
weight in 
grammes. 

Number or viable organisms per anjmal 

GIVEN SUBCUTANEOUSLY. 

I 

10 

1 

95 

1 

955 

95,500 

White monse (Haffkine Inst.) . . 

25 

5/5* 

i 

• 5/5 

1 

i 

: 

1 


1 

1 

1 

(5-8)t 

(5-2) 

i 


Wild house rat (Madras) 

1 

82 

1 

i 

1/5 

3/5 

5/5 

•• 



| (8) 

(10) 

i 

(3-6) 

•• 

White rat 

1 213 

0/5 

5/5 

5/5 

5/5 


l 

i 

I 

(7*4) 

(5-8) 

(3*G) 

Guinea-pig 

| 545 

1 

' 1/5 

1 

5/5 

2/5 

• • 


i 

1 (13) 

( 1 1 *G) 

i 

I 

(9-0) 

I 


* The numerators give the number of deaths and the denominators the total number of animals 
u^cd. * 

t The figures in brackets are the average number of days elapsing between infection and death. 
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Table II. 

Relative susceptibility oj various laboratory animals to plague infection. 
Past, pestis strain I. Experiment 2. 


Animal. 

Average 
weight in 
grammes. 

White mouse (Haffkino Inst.) . . 

23 

Wild house rat (Madras) . . ] 

no 

White rat 

12G 

j 

Guinoa-pig 

395 


NUMBER OF VIABLE ORGANISMS PER ANIMAL 
GIVEN SUBCUTANEOUSLY. 


8 i 

i 

40 

83 

830 

•i/5* 

5/5 

• • 

. • 

(5-7)t 

(4-8) 

i 

•« 

2/5 

2/5 

2/5 

3/5 

(10) 

(10) 

(9-5) 

(5) 

2/5 

5/5 

3/5 

3/5 

(5-5) 

(5-8) 

(4-4) 

| (5) 

3/5 

4/5 

3/5 

1/5 

(13) 

(9-5) 

(8-3) 

(10) 


Table III. 

Relative susceptibility oj various laboratory animals to plague infection. 


Past, pestis strain I. Experiment 3. 


Animal. 

Average 
weight in 

Number of viable organisms ter . 

GIVEN SUBCUTANEOUSLY. 

animal 


grammes. 

8 

80 

800 

8,000 

800,000 

White mouse (Hnffkine Inst.) . . 

24 

5/5* 

5/5 

. . 

! 

* . 



(7-2)f 

(4-8) 

*• 

*• 

•• 

Wild house rat (Madras) 

112 

2/5 

5/5 

6/5 

' 3/5 

*• 



(7) 

(5-8) 

(8-0) 

(5*7) 


Guinea-pig 

430 

3/5 

3/5 

3/5 


4/5 



(14 *7) 

(10) 

(10) 

•• 

(10) 


* The numerators give the number of deaths and the denominators the total number of animals 
used. 

| The figures in brackets are the average number of days elapsing between infection and death. 
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Table XY. 


Relative susceptibility of various laboratory animals to plague infection. 
Past, pestis strain I. Experiment 4. 


Animal. 

Average 
weight in 
grammes. 

Number of viable organisms per 

GIVEN SUBCUTANEOUSLY. 

ANIMAL 

10 

i 

1 100 

1,000 

1 

10,000 

White mouse (Haffkine Inst.) 

24 

4/5* 

10/10 


•• 



(6-2)f 

(5-S) 

• • 

1 

Wild house rat (Madras) . . 

131 

1/5 

2/5 

3/5 

3/5 



(9) 

(5-5) 

(6-3) 

(4*6) 

White rat 

177 

3/5 

3/5 

4/5 

3/5 



(6) 

(8-6) 

(6-2) 

(5-6) 


Table V. 


Relative susceptibility of various laboratory animals to plague infection. 

Past, pestis strain 179/5H. 


Animal. 

Average 
weight in 
grammes. 

Number of viable organisms ter 

GIVEN SUBCUTANEOUSLY. 

ANIMAL 

6 

58 

5S5 

5,850 

White mouse (Haffkine Inst.) 

25 

5/5* 

5/5 

* * | 

. . 



(5)t 

(4-4) 


• . 

Wild house rat (Madras) , . 

139 

4/5 i 

4/5 


. . 


1 

(3) 

(7-3) 

1 


White rat 

20G ! 

2/5 

2/5 

3/5 

3/5 


i 

| 

(5*5) 

(4-5) 

(3-3) 

(2-7) 

Guincn-pig 

G17 

5/5 

4/5 

4/5 

, . 



(0-4) 

(10) 

(7-3) 



u**d* ThC nUmprat0rS p,VC U,C numl,er of (lcaths and tl,e denominators the total number of animals 
tTho (inures in brackets are the avefage number of days elapsing between infection and death. 
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* The numerators give the number of deaths and the denominators the total number of animals used, 
f The figures in brackets are the average number of days elapsing between infection and death. 



Table VII. 

Relative susceptibility of various laboratory animals to plague infection. 

Past, pestis strain I. 
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* The numerators give the number of deaths and the denominators the number of animals used, 
f The figures in brackets arc the average number of days elapsing between infection and death. 
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Response of Hajfkine-Institute-inbred white mouse to plague infection 

summarized. 


Table 

number. 

Minimum dose producing 
APPROXIMATELY 100 PER CENT 

mortality. 

Ten times the minimum dose. 

Number of 
organisms. 

Average number 
of days elapsing 
between infec- 
tion and death. 

Number of 
organisms. 

Average number 
of days elapsing 
between infection 
and death. 

I 

10 

5*8 

95 

5*2 

II 

8 

5*7 

40* 

4*8 

III 

8 1 

7*2 1 

80 1 

4*8 

IV 

iot 

6 ‘2 

100 

5*8 

V 

6 

5*0 

58 

4*4 

VI 

9 

5*0 

85 

4*2 

VII 

11 

6-7 

112 

5*2 


* Only five times the first dose, 
f One animal escaped death. 


In the case of the Haffkine-Institute-inbred white mouse, average weight 23 g., 
as few as 6 to 12 organisms were enough to produce a 100 per cent mortality. With 
this dose average number of days elapsing between infection and death varied 
between 5 and 7 - 2 days. When this dose was increased tenfold the average duration 
of life after infection was, however, reduced to 4-2 to 5-8 days. When progressively 
larger infective doses were used the period elapsing between infection and death 
was progressively reduced, and with a very big dose, but not so big as to kill by its 
toxicity, this period was reduced to about two days. It must be stated here that 
6 to 12 organisms are not the absolute minimum dose to produce a 100 per cent 
mortality. In several other experiments not reported here a smaller dose was 
found to be enough, but to achieve the smaller dose with any degree of certainty 
when a few organisms are discontinuously distributed inasmuch as 10 c.e. of fluid’ 
as is the case with this method of preparing the infective dose, is not possible’ 
Thus, when 120 organisms are present in 10 c.c. of a suspension and each animai 
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is given 0-5 c.c. of this suspension it is not unlikely that some animals receive 
perhaps no more than one organism. This phenomenon is objectively illustrated 
when these very high dilutions are plated on blood-agar plates. 

It is to be noted that the response to infection of the strain of white mouse 
from Dr. L. Otten’s laboratory, Pasteur Institute, Bandoeng, Batavia, was in no 
way different to the response of the Haffkinc-Institute-inbrcd white mouse. The 
peculiar phenomenon noted by Otten ( loc . cit.) ‘ that in white mice infected with the 
more concentrated dilutions escapes occurred \ has not been confirmed. With 

Kf 1 to 10~ 3 dilutions of his suspension Otten obtained a mortality of only 90 per 
cent ; in the writer’s hands Otten’s strain of mouse has behaved in the same 

way as the Haffkine Institute strain, as all the concentrated -dilutions (10~ 2 to 
10~ 5 ) consistently killed 100 per cent of the mice infected. 

The response to plague infection of the wild house rat (Madras), the white rat, 
and the guinea-pig is exceedingly variable. From the experiments reported here 
it is not possible to say what doses coukl be depended upon to produce 100 per cent 
mortality among these animals. In the experiments reported in Tables I to VI 
small batches of animals had been used, and it left a doubt whether the inconclusive- 
ness of the results was not due to this factor ; in Table VII therefore the results of 
experiments carried out with larger batches of animals have been summarized. 
These results arc no more conclusive than those reported in Tables I to VI. Thus, in 
the case of the wild house rat (Madras) the 100 per cent fatal dose has varied from' 
800 organisms to 85,000 organisms, in the case of the white rat from 4.0 to 8,500 
organisms, and in the case of the guinea-pig from 6 to over 15 millions organisms. 
These animals were infected with the same strains of Past, peslis as were used for 
infecting the white mouse in which case as few as 10 organisms were sufficient to 
produce a 100 per cent mortality. The absolutely constant response of the white 
mouse showed that the strains of Past, peso's used were fully virulent. The very 
variable results in the case of other animals were due to the variable response to 
plague infection of these animals — at least of the strains of the animals used in these 
experiments. The wild house rat (Rat tvs raltus) was imported from Madras, a city 
which has not suffered from plague during the present pandemic. The strain of 
white rat used was obtained from the Nutrition Laboratory, Coonoor. The 
guinea-pig used belongs to a strain which has been used in' India in the different 
laboratories over a period of years, and has been in use in the Haffkine Institute 
for the last 20 years or more. 

The results do show that the greater and almost constant susceptibility of 
the white mouse, both of the Haffkine-Institute-inbred strain and of the Pasteur 
Institute, Bandoeng strain, is specific and is not conditioned by the smaller body- 
weight of this animal as compared with the body-weight of the other animals. If 
the body-weight were the conditioning factor and if 10 organisms were the fatal 
dose for a mouse of 23 g. weight, doses of 225 organisms, 50 organisms, and 
90 organisms would suffice for the guinea-pig (51G g.), wild house rat (110 g.), and 
white rat (191 g.), respectively. This is not so is conclusively shown by the experi- 
ments reported here. 

The white mouse, in fact, fulfils all the requirements needed for experimental 
work. It is the animal of choice for plague work. During the years 1934-1937, 
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1,180 white mice have been used in batches of 5 or 10 as controls for experiments 
for measuring active immunity produced by plague vaccine or for measuring the 
curative power of antiplague sera. The different batches received two to ten times 
the minimum lethal dose, i.e., 22 to 212 organisms per animal. These experiments 
have shown the same constancy of the white mouse to plague infection both as 
regards the fatal termination and duration of life after infection as the experiments 
reported above. Of 1.180 animals used 17 escaped death, giving a percentage escape 
of r5 and duration of life after infection varied between 4'0 days and 7-0 days 
(except in the case of one batch of 5 mice for which the average duration of life 
after infection was 8'8 days). 

White mice between the ages of 21 mouths and 6 months respond equally well, 
but animals between the ages of 2.1 months and 4 months are preferred. _ The animals 
usually used for the work weigh between 22 g. and 28 g., the females being nearer the 
lower limit. Males and females do not show any difference in their response to 
plague infection, but members of a particular experimental batcli of five mice are 
always made up of animals of one sex. 

The breeding of white mice under the climatic conditions of Bombay presents 
certain difficulties, but methods have been developed which enable a healthy stock 
to be bred and maintained. It is possible that experience in this connection may 
be of value to other workers in the tropics, that a note on ‘ Breeding and Care of 
the White Mouse 5 is attached as an Appendix to this paper. Attention is 
especially ‘'drawn to the cage for bousing mice under experiment, which has been 
designed by the author for use in the tropics. After a great deal of experience, 
it was realized that in hot climates mice require considerably more space than is 
provided in tbe usual cages in use in America and Europe. The cage is so 
designed that its component parts come apart easily to permit of thorough 
cleaning and is illustrated in Plate XVII, figs. 1 and 2, of the Appendix. 


Summary. 

Experimental evidence has been produced to show that the white mouse 
(Haffkine-Institute-inbred strain) is the experimental animal of choice for plague 
work. It is very highly susceptible to plague infection and the response of individual 
members of this species is constant. As few as 10 organisms, perhaps even less, per 
animal are enough to produce a 100 per cent mortality. 

It is further shown that the white rat, the wild house rat, and the guinea-pig 
are much less susceptible to plague infection. The response of the individual 
members of these species is so variable that it is difficult to fix a hundred per cent 
fatal dose for them. About 10 organisms per animal produce a 100 per cent mortal- 
ity in the white mouse, whereas 800 to 85,000 organisms were needed in the case of 
the wild house rat, 40 to 8,500 organisms for the white rat, and 6 to over 15 millions 
organisms in the case of the guinea-pig. It is also pointed out that the response 
of the white mouse is specific and is not conditioned by the smallness of its 
body-weight. 

, A note on ‘ Breeding and Care of the White Mouse ’ is attached as an Appendix 
to this paper. 

J, MR 


5 
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Plate XVII 



Fig. 1. — The cage for experimental animals. 
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Fig. 2. — The same cage dismantled, 




APPENDIX. 

Breeding and care oe the white mouse. 

At the Haffkine Institute a population of about 4,000 white mice divided 
into two separate colonies is maintained, and fiom 800 to 1,000 mice are bred per 
month. As success has been obtained in keeping these colonies free from any 
extraneous infection, a few notes are appended so that they may be of help to other 
workers in the tropics. 

A. Cages. — Three types of cages are used. 

(1) The Wistar Institute 1 dormer cage ’ is used for housing stock animals and 
for mating. The cage is illustrated in Plate XVI, fig. 1, and is fully described in 
‘ Breeding and Care of the Albino Rat for Research Purposes ’ by Milton, Green- 
man and Louise Duhring : Philadelphia, the Wistar Institute of Anatomy and 
Biology; 1931. Thirty adult mice are housed in each dormer cage. Por 
mating, 10 females and one male are put in one dormer cage. 

(2) Nest cage. — This is a small modified £ dormer cage ’, measuring 211 inches 
long, 8| inches high, and 71 inches wide. Only one compartment is provided 
with a door, the other compartment is closed in by a fixed galvanized wire cloth, 
J- inch mesh. The top of the cage is hinged to permit the cleaning of the 
compartments. Instead of the drinking fountain which goes with the large dormer 
cage a simpler form of drinking tube is fixed inside the cage in the compartment 
fitted with the door. The cage is illustrated in Plate XVI, fig 2. Two pregnant 
females are put in one of these nest cages. 

(3) Cage jor experimental animals. — This is a cylindrical cage made of gal- 
vanized wire cloth (No. 18 wire h inch mesh), 10-J inches high, and 10J inches in 
diameter. The circular floor of screen of the cage is detachable and is made of 
galvanized wire cloth, and has a metal rim. This circular floor plate is made of wire 
cloth No. 20 wire \ inch mesh) and is supported on four metal supports which project 
inwards from the bottom rim of the cylinder and also downwards to form support 
for the cage itself. The floor plate is divided into two unequal portions with a 
vertical partition 2-J inches high. In the middle of the partition there is an- 
opening. Pood is placed on one side of the partition and bedding on the other. 
The lid of the cage is made of galvanized sheet and fits snugly on the upper rim 
of the cylinder and is held in place by a piece of galvanized wire bent in the 
middle to form a handle. The whole cage stands in a rectangular tray. The 
cage is provided with a drinking fountain and is illustrated in Plate XVII, 
figs. 1 and 2. 

Por experimental purposes 5 white mice are housed in one of these cages. 
Each batch of 5 mice consists of animals of the same sex. This cage is well venti- 
lated and provides enough room for exercise. 

B. Bedding. — Paper shavings obtained from a printing press are used as 
bedding in all the cages described. The paper shavings are steam sterilized before 
use, 
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C. Cleaning of cages . — All cages in use are cleaned every day ; the mice are 
taken out in special receptacles, cages manually cleaned and wiped with a dilute 
antiseptic lotion. Bedding is changed every second day, except in nest cages in 
which it is not changed for seven days after the birth of the young. 

All cages are steam sterilized at least once a month. 

D. Food and feeding . — Mice receive whole milk, a crushed cereal (oats, barley, 
or popped corn), green leaves (lettuce, radish tops, turnip tops, carrot tops), 
carrots, cod-liver oil, whole-meal wheat bread, and eggs, and McCollum-Simmonds 
salt mixture No. 185 is given to pregnant and nursing females. Cod-liver oil and 
salt mixture are added to milk. Fresh food is put in cages immediately they have 
been cleaned in the morning and cages are again examined in the evening and more 
food put in cages wherever considered necessary. Milk is boiled before serving 
and cereals are exposed to the sun. Vegetables are carefully washed in clean 
water and then soaked in potassium permanganate solution, and washed in 
water again. 
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EXPERIMENTAL STUDIES IN PLAGUE. 

Part V. 

A METHOD FOR MEASURING THE VIRULENCE OF PLAGUE 

CULTURES. 

BY 

S. S. SOKHEY. 

Haffkine Institute, Bombay. 

[Received for publication, June 12, 1939.] 

The problem of measurement of the virulence of plague organisms consists 
in tbe determination of the smallest number of organisms of a given culture, which 
when administered in a specified manner will kill about 100 per cent individuals of 
especially selected species, this to be further particularized by the average duration 
of life after infection. These requirements demand the ability to be able to enu- 
merate the number of organisms in the infective dose and the availability of a highly 
and uniformly susceptible animal. In the absence of a method for measuring the 
number of organisms contained in an infective dose the previous workers had to 
resort to odd devices. Kolle and Martini (1902) emulsified l/5th of a loopful of a 
solid growth in 0'2 c.c. of broth and rubbed it on a carefully shaved and abraded 
area of standard size on a guinea-pig’s abdomen. Later, Kolle and Krumbein 
(1909, quoted by Pollitzer, 1936) employed a syringe needle of standard calibre 
which was dipped in the bacterial suspension of definite opacity and then 
introduced it under the skin near the root of the tail of a rat. Rowland (1910) 
worked with a syringe so arranged that one turn of a screw caused delivery of 
0T c.c. of the culture to be tested, and the culture was given subcutaneously. 
In the Haffkine Institute the standard method was to rub into a shaved and 
abraded patch of skin of a house rat a loopful or so of the culture under test. 
These were indeed very rough and ready tests and evidently did not achieve 
their end. Petrie (1929) writing about the time the present work was 
commenced stated, ‘ there is no standard method of testing for virulence ’ of the 
plague organism. 

With the availability of an accurate method of enumerating plague organisms 
present in a broth culture or a suspension (Sokhey, 1939a) and the availability of a 
highly and uniformly susceptible laboratory test animal (the Hafikine-Institute- 
inbred white mouse) (Sokhey, 19396), the problem of measuring the virulence 
of the organism becomes a simple matter. It means the determination of the 
smallest number of organisms which when given subcutaneously to a batch of 
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Haffkine-Institute-inbred white mice will kill approximately 100 per cent of them. 
The relative virulence of different strains could be further particularized by the 
average number of days elapsing between infection and death even though the 
minimum infective dose producing a 100 per cent mortality may have the same 
number of organisms. Obviously the larger the number of white mice infected 
for each test the better, but experience shows that a batch of 5 mice for each 
dilution works quite well. 

Determination of virulence is carried out in the following manner : The 
culture of which it is desired to test the virulence is usually obtained on an agar slope. 
A 2-mm. loopful of this growth is inoculated into 10 c.c. of nutrient broth in a test- 
tube. The growth taken on the loop is carefully mixed with broth to obtain a toler- 
ably uniform suspension. This is then incubated at 25°C. to 27°C. for 48 hours, 
and 0-5 c.c. of this growth is then added to .a fresh tube containing 9*5 c.c. of nutri- 
ent broth. The purity of this sub-culture is test cd by Gore’s met hod (Taylor, 1933). 
The second sub-culture is incubated at 25°C. to 27°C. for 48 hours. During this 
period of incubation the tube is kept in a vertical position and the growth 
is allowed to proceed in an undisturbed state free from jolts or jars. At the 
termination of the 48-hour period of incubation of the second sub-culture, the tube 
is removed from the incubator, and dilutions made as described previously (Sokhey, 
1939c). Three or more of these dilutions are selected, which are judged either by 
a preliminary test or otherwise to contain a fatal dose in 0'2 c.c. of the dilution. The 
number of organisms contained in these dilutions are counted by the method 
described previously (Sokhey, 1939a). 02 c.c. of the selected dilutions is 
administered subcutaneously per animal in batches of 5 or ] 0 mice. A tuberculin 
syringe (0 - 01 graduations) with a 27-G needle is used for the purpose. During the 
earlier part of the work a dose of 0b c.c. per animal was used, but now a dose of 
0‘2 c.c. is found more suitable, as it is less likely to escape through the puncture. 

In the case of highly virulent strains 0'2 c.c. of a ICf 7 dilution of a 48-hour broth 
growth per animal contains the minimal lethal dose. This dilution as well as the 
next lower (10~ C ) and the next higher dilutions (10 _S ) are used. The second broth 
sub-culture incubated at 27°C. for 48 hours lias approximately between 3 X ltb 
and G X 10 8 organisms per c.c. and 0 - 2 c.c, of a 10~ 7 dilution would contain 
G to 12 organisms. 

The animals after being infected are kept in an air-conditioned room with a 
constant temperature of 24°C. and a relative humidity of 55 to GO per cent. Each 
batch of 5 mice is kept in a separate cage especially designed at, the Haffkine 
Institute for white mice experiments in the tropics (Sokhey, 19396). The animals 
are observed for a period of not less than 25 days. Each cage is examined once a 
day at the same hour and the dead animals are removed. These are dissected and 
examined, naked-eye signs of plague are noted, and smears are made from spleen 
and liver and examined under the microscope. In case of doubt, cultures are 
made for further examination. At the end of the 25 days’ period of observation 
the animals still alive are killed and similarly examined. Animals which die 
during the period of observation always show the presence of plague bacilli in 
spleen and liver smears, but no organisms are ever seen in the smears from these 
organs of those animals which survive the 25 days’ period of observation. All 



S. S. Solchey. 


357 


deaths from whatsoever cause are recorded and if an animal dies of an infection or 
cause other than plague this fact is noted in the protocol, but deaths from other 
causes are singularly rare, and have been practically absent in this experimental 
work. 

Illustrative examples op virulence measurements. 

A large number of measurements of the virulence of plague organisms 
has been carried out ; a few results are given in Tables I and II to illustrate 
the type of results the method yields : — 

Table I. 


Measurements of the virulence, of some 'plague cultures. 


Culture 

number. 

Number of 
organisms used 
as the infective 

Results. 

Average duration 
of life in 
days between 
infection and 


dose per mouse. 


death. 

Vimla 10 | 

2 

16 

5/5* 

5/5 

! 12-2 

' 6-2 

39/B/10 | 

4 

44 

5/5 

5/5 

7-0 

5-0 

P/25 | 

G 

60 

5/5 

5/5 

10*2 

5*8 

P/5/37 | 

4 

40 

5/5 

5/5 

7*8 

5*6 

P/15/37 | 

8 

80 

1/5 

4/5 

O 

6 6 

( 

90 

1/5 

10-0 

P/35/37 j 

900 

4/5 

5/5 

5-8 

9,000 

5*0 

P/40/37 -j 

108 

1,080 

0/5 

5/5 

6-0 

r 

60 

0/5 


P/50/37 4 

600 

60,000 

2/5 

5/5 

9-5 

10-4 

l 

600,000 

3/5 

12*7 

f 

7 

0/5 


R. F. M. \ 

76 

0/5 


\ 

760,000 

5/5 

5*6 

R/75/37 | 

620,000 

62,000,000 

2/5 

4/5 

8*0 

6*8 


* The numerators give the number of deaths and the 
denominators the total number of mice infected. 
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Table II. 


Measurement of the 'progressive loss of virulence. 

Strain 120/5H. 


Culture. 

Number of 
organisms used 
as the infective 
dose per mouse. 

i 

Results. 

Average duration 
of life in days 
between infection 
and death. 

Original j 

0 

93 

5/5* 

1 5/5 

5*4 

5*2 

8th sub-culture | j 

9 

92 

4/5 

4/5 

G*0 

5*8 

IGtli „ \ ! 

( i 

G 

G2 

1 1/5 

1 5/5 

9*0 

11*0 

24th „ j 

G 

G2 

1 3/5 

5/5 

8*3 

9*5 

32nd „ | 

G 

GO 

4/5 

4/5 

7*S 

8*0 

40th „ | 

75 

750 

0/4 
j 1/4 

13 

48 th ., | 

300 

3,000 

1 1/5 

1/5 

8*0 

4*0 

56th „ | 

12,300 

0/5 


123,000 

0/5 


64th 

68,000,000 

0/5 

1 


* The numerators give the number of deaths and the denominators 
the total number of animals used. 


Suspensions from growths on solid medium. 

It should be stated here that sub-cultures from which the required dilutions 
for measuring virulence are made should be broth sub-cultures and not agar sub- 
cultures. Some preliminary experiments show that if suspensions are made from 
agar sub-cultures, the results are not as constant as with the broth cultures. The 
reason for this is not clear. The phenomenon is being studied further, but the 
results of two experiments are given to illustrate the point. Prom a 48-hour broth 
culture of a fully virulent strain Ramjee, 10 organisms of which from a broth 
culture killed 5 out of 5 animals infected, with an average duration of life of five 
days, two agar slopes, A and B, were seeded and incubated for 48 hours at 27°C' 
Suspensions in saline were then made from slopes A and B and given to batches 
of white mice with the results noted in Table III. The result of measurement of 
the virulence did not agree with that obtained with the broth culture both as regards 
the total number of deaths and the average duration of life after infection. 
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Variable results of agar-growth suspensions. 

Agar-slopes A and B were seeded from the same sub-culture in broth of strain 
Ramjee, and incubated at 27°C. for 48 hours. Suspensions from the two slopes 
were made in saline separately and given at the same time to batches of mice. 


Suspension feoji agae-slope A. 


Suspension feom agae-slope B. 


Number of 
organisms 
in tbe 
infective 
dose. 

Number 
of mice 
infected. 

! 

Deaths. 

Average 
duration of 
life in 
days after 
infection. 

Number of 
organisms 
in the 
infective 
dose. 

Number 
of mice 
infected. 

Deaths. 

i 

1 ■ i 

Average 
duration of 
life in 
days after 
infection. 

19 

5 

3 

7-3 

15 

5 

5 

6*0 

i 

197 

5 

5 j 

i 

5-4 

155 

5 

5 

1 

4*6 


A similar experiment with the virulent strain I gave the results given in Table 
IV. Here again the results differed both as regards the total number of deaths and 
the duration of life after infection from those obtained with broth culture. Nine 
organisms killed 5 out of 5 animals with an average duration of life of six days. 


Table IV. 

Variable results of agar-groivth suspensions. 


Agar-slopes A and B were seeded from the same sub-culture in broth of virulent 
strain I and incubated at 27°C. for 48 hours. Suspensions of the two slopes were 
made in saline separately. 


Suspension prom slope 

A. 

Suspension prom slope 

B. 

Number of 
organisms 
in the 
infective 
dose. 

Number 
of white 
mice 
infected. 

1 

Deaths. 

Average 
duration 
of life in 
days after 
infection. 

Number of 
organisms 
in the 
infective 
dose. 

Number 
of white 
mice 
infected. 

Deaths. 

Average 
duration 
of life in 
days after 
infection. 

32 

5 

3 

s 

1 8-7 

i 

33 

5 

4 

! 

7*2 

320 

5 

5 

G-2 

329 

5 

i 

5 

5*2 

i 
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New method compared with the old skin test. 

The standard practice at the Ilaffkine Institute for measuring the virulence 
of plague cultures formerly was to rub on a shaved and abraded patch on a house 
rat’s abdomen a loopful or so of the culture to be tested. Usually only one rat was 
used at a time. In Table V the results of comparative measurements by the skin 
test and the new test are given : — 


Table V. 


Number of 
oultme. 


Old tc*l. 


P/5/37 


2 / 2 * 
(4 ‘2) 


Nr.w tv.st. 


Number of 
organisms 
given. 


<10 


TU'Miiliq. 


n/n 

(7<S)t 

•*/•> 

(.VO) 


pgr, 1^7 


2/2 I 
(-1-0) | 


R 

80 


!/•- 

(7-0) 

.1/r. 

(10-0) 


* Tlio numerators give tlie number of deaths and the 
denominators the total number of animals used. 

-| The figures in brackets me the average number of 
days elapsing between infection and death. 


It will be noted that, while the old skin test shows the two cultures tested to 
be equally virulent, the new test shows a marked difference in their virulence. 


Summary. 

A method, standardized in all details, is described for measuring the virulence 
of plague cultures. It employs the Haffkine-Institute-inbred strain of white mouse 
as the experimental animal and progressive tenth dilutions of 48-hour broth sub- 
cultures incubated at 25°C. to 27°C. of the strain of Past, peslis under investigation. 
Three or more dilutions are selected and given to batches of mice in quantities of 
0-2 e.c. per animal. The number of organisms in these dilutions are counted by 
the colony-count method by plating on blood agar. The results are expressed as 
the smallest number of organisms of a given strain of Past, jieslis which when given 
subcutaneously to a batch of mice will kill approximately 100 per cent of the mice 
infected within 3 to 11 days. 
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A METHOD FOE MAINTAINING THE VIRULENCE OF 
PASTEURELLA PESTIS. 

BY 
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In a previous paper (19396) the necessity of a constant test infective dose, for 
animal experimental work, constant both as regards virulence and the quantity 
of organisms, was discussed and a method for particularizing the quantity of 
organisms by enumerating their numbers was described. The problem of achieving 
constancy of the virulence of the organisms still remained. Haffkine, in the 
days of the pandemic, relied upon freshly isolated strains from fatal human cases. 
Even at that time he found that it was not always possible to get fresh strains as 
often as he desired and had to resort to passage through the guinea-pig. Since he 
desired to ensure obtaining pure cultures even from contaminated materia], he 
employed the ‘ cutaneous inoculation ’ method for infecting animals for passage. 
Plague material was rubbed on the shaved and abraded skin of the abdomen of 
a guinea-pig. Other workers at that time, Gaffkey et al. (1899) of the German 
Plague Commission, Albrecht and Ghon (1900) of the Austrian Plague Commission, 
and Fraser et al. (1900) of the Indian Plague Commission also employed passage 
through the guinea-pig for maintaining the virulence of their strains. The British 
Plague Commission (1912) preferred using the house rat (Raltus rattus) as the passage 
animal and also used the ‘ cutaneous inoculation ’ method for infection. 

In fact passage through a susceptible animal has been almost the universal 
method for maintaining the virulence of plague strains, but opinions were not 
unanimous on the effect of passage on the virulence of the organism. Yersin, 
Calmette and Borrel (1895) held that though passage through an animal enhanced 
the virulence of the plague organism for that species it attenuated it for other 
species. Hankin (1897, quoted by Kolle and Wassermann, 1928) believed that 
strains passaged through rats became less dangerous for man. Albrecht and Ghon 
(loc. cit.) as well as Kolle and Martini (1902, quoted by Kolle and Wassermann, 
loc. cit.) showed that enhancement of the virulence of a strain obtained by passage 
through any species was maintained for other species if they were more or less as 
susceptible as the passage animal. Kolle and Martini (loc. cit.), however, noted 
that passage through the rabbit attenuated the organisms. They held the rabbit 
body to be unsuitable for the growth of the plague organism. Because of this 
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observation they were not prepared to rule out the possibility of attenuation of 
the organism for one species by long continued passage through another species. 
They however held that there was no such antagonism between man, rat, and 
mouse. Kolle, Iietsch and Otto (1904) showed that a culture which is avirulent 
for the rat may still be virulent for the guinea-pig, and that strains that have lost 
their virulence may regain it by passage through susceptible animals. These 
views on the whole tended to show that though passage through a highly 
susceptible animal did not affect the virulence, it was likely to be decreased if 
the passage animal happened to be resistant. 

Until 1933 the practice at the Haffkinc Institute was to pass the strains xised 
for preparing plague vaccines and for preparing the test infective dose for experi- 
mental purposes through the house rat. The method of ‘ cutaneous inoculation ’ 
was employed. First the house rat ( Rattiis mttus ) caught in the city of Bombay 
was used, but when it was found that the Bombay city rat had become resistant 
to plague infection, susceptible house rats were monthly imported from the 
city of Madras, a town which had not suffered from any severe epidemic of plague 
during the present pandemic. 

When * cutaneous inoculation ’ is resorted to an undetermined quantity of 
plague organisms is rubbed into a shaved abraded patch of skin of unmeasured 
area, and it is assumed that if after this massive infective dose the experimental 
animal dies within a given period of time the strain has maintained its virulence, 
or if the animal does not die that the strain has lost its virulence. It is very likely 
that in this method of inoculation hundreds of millions of organisms are used for 
infecting each animal. How the number of organisms in the infective dose 
influences the results when testing the virulence of plague organisms is shown in 
Table I : — 

Table I. 

The effect of number of organisms in an infective dose on the results of 

virulence measurements. 


Number of 
organisms per 
house rat given 
subcutaneously. 

I 

Number of 
rats 

inoculated. 

1 

Number of 
deaths. | 

Average number 
of days elapsing 
between 
inoculation and 
death. 

64 

24 

0 


64,500 

25 

1 

lV-0 

132,250,000 

25 

25 

3*4 


It will be seen that when the infective dose contained 64,500 organisms or 
less the strain appeared to be almost entirely avirulent both by its failure to kill 
all animals and by the prolonged killing time, but when the infective dose contained 
132,250,000 organisms the same strain appeared to be very highly virulent both 
by its power to kill and by the shortness of the killing time. When an accurate 
method of counting the number of organisms in an infective dose had been worked 
out (Sokhey, 19396), and a quantitative method for measuring the virulence of 
plague organisms described (Sokhey, 1939c) it was found that the underlying 
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assumption of the c cutaneous inoculation ’ method was not justified. A massive 
‘ cutaneous inoculation ’ very often hilled the passage animal (Madras house rat), 
even when the virulence of the organism was measurably reduced, as has been 
shown in a previous paper (Sokliey, 1939c). 

Burgess (1927) has shown that passage through a vaccinated animal reduced the 
virulence of plague organisms. Such reduction would also occur if organisms are 
passaged through a naturally resistant individual. The author (Sokhey, 1937) has 
already shown that resistance of different individuals of the same strain of Rattus 
rattus differs considerably and therefore if a resistant individual is used for passage, 
the organism will be reduced in virulence although the * cutaneous inoculation ’ 
method will not reveal such reduction. There is no method by which one can judge 
the resistance of an individual animal before using it for passage and this consti- 
tutes a great disadvantage of the animal passage method of maintaining virulence. 

The observation made by various workers that plague cultures on artificial 
media retained their virulence undiminished for long periods without any special 
steps being taken suggested another method for preserving the virulence of plague 
cultures. Albrecht and Ghon (loc. cit.) had noted that most of their cultures on 
nutrient agar which they had collected in Bombay and which had been exposed 
to temperatures of 30°C. to 36°C. for about five months while in Bombay and were 
later stored at 20°C. to 21°C. in Vienna retained their virulence undiminished for 
13 to 15 months without animal passage. It is however to be noted that these 
cultures were at no time continuously exposed to a temperature of 30°C. to 36°C. 
but that during the stay of these workers in Bombay and during the voyage the 
daily temperature rose to this height for short periods. Maassen (1903) found that 
some cultures tended to lose their virulence readily while others did not. The 
latter, when stored in sealed tubes in an ice-box, were found to be fully virulent two 
years later. McCoy (1909) and McCoy and Chapin (1912) found that plague cultures 
on nutrient agar four years after original isolation were still virulent, but when 
tested three years later had lost their virulence. Wilson (1913, quoted by Francis, 
1932) found that two cultures on nutrient agar in sealed tubes which had been 
stored in an ice-box for over ten years retained their virulence intact. Loffler 
(quoted by Kolle and Wassermann, loc. cit.) recommended the use of horse serum 
instead of nutrient agar for preserving the virulence of plague cultures. More 
recently, Francis (loc. cit.) reported that a culture on a nutrient-agar slope in a tube 
sealed with a tight-fitting paraffined cork-stopper and stored at 10°C. for nine years 
was fully virulent at the end of this period. 

Most of these workers tested the virulence of the cultures they were dealing with 
by using quite massive doses for inoculation, yet the fact seems to emerge that low 
storage temperatures were possibly helpful for preserving the virulence of plague 
cultures. For the work to be described it was decided to experiment with 
rabbit-blood agar as the culture medium and 4° ± 2°C. the temperature of storage. 
This particular temperature was selected as it was made easily available by the use 
of a domestic electric refrigerator. The author did not know at the time that even 
at this low temperature Past, pestis continues to grow though very slowly. As 

soon as this fact became 1 ,c * 11 - 

lower temperatures and 
An alternative method of 
temperatures (— 20°C. to 


i Known (ooKiiey, a), experiments were started with 
the results of these experiments will be reported later, 
preserving virulence by drying broth cultures at very low 
— 30°C.) is also being worked out. J 
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Method. 

Primary cultures from severe septicemic human cases are obtained by plating 
venous blood on agar slopes. After four days’ growth at room temperature (26°C. 
to 32°C.) they are tested for purity, by cultural and biochemical tests, by the method 
of Gore (Taylor, 1933). After a culture lias been found to be pure, its virulence is 
measured quantitatively ; if found highly virulent, i.e., G to 12 organisms per 
Haffkine-Institute-inbred white mouse given subcutaneously kill not less than 80 
per cent of the animals used, in an average period of about seven days, a large 
number of sub-cultures on 5 per cent rabbit-blood agar slopes in test-tubes are 
made from the primary culture, tubes are sealed on the flame and stored in a 
refrigerator at 4° ± 2°C. A tube was removed from time to time to measure 
its virulence. Blood-agar slopes are made by melting nutrient agar, allowing 
it to cool to about 45°C., and then adding the required amount of defibrinated 
rabbit blood. 

Results. 

Since 1932 a number of cultures have been preserved and a few illustrative 
protocols of the results of periodical measurements of their virulence are given : — 

Table II. 

The virulence oj Pasleurella pestis strain 120/5//* stored at 4° ± 2 °G. 


Dato of 
virulence 
measurements. 

Number of 
organisms given 
subcutaneously 
per white mouse. 

r r 

j Results. 

1 

i 

1 Average duration 
) of life after 

, inoculation in 
days. 

29-9-32 .. | 

27 

270 

5/5f 

5/o 

I 4-4 

1 4-2 

11-4-33 .. j 

11 

112 

5/5 

5/5 

5*0 

4*6 

15-5-33 . . | 

is 

18S 

5/5 

! r> ! r> i 

5*4 

3*0 

27-11-33 .. | 

1 » 

4/5 

11-5 

23-4-34 . . | 

! 12 ; 

117 

5/3 

5/5 

0*2 

5*4 

25-10-34 . . j 

8 

5/5 

12*6 

80 

5/5 

7*0 

19-3-35 .. | 

8 

5/5 

Jl-8 

* ( 

80 : 

5/5 

G*4 

4-11-35 .. | 

8 

3/5 

9-4 

80 

5/5 

G'D 


* The culture tubes of this particular strain were not sealed on the 
flame, but were merely plugged with cotton-wool and paraffined. 
It was found that the cultures dried up when sealed in this manner. 
For subsequent work sealing of the tubes on tho flame was there- 
fore introduced. 

f The numerators denote the number of deaths and the denomi- 
nators the number of mice used. 
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Table III. 

The virulence oj Pasteurella pestis strain 34 /B stored at 4° ± 2°0. 


Date of 
virulence 
measurements. 

Number of i 


Average duration 

organisms given 
subcutaneously 
per white mouse, j 

Results. 

i 

of life after 
inoculation in 
days. 



15 

5/5* 

5-2 

9-5-36 . . | 






150 

5/5 

3*6 



6 

5/5 

7*0 

21-8-36 . . • 






67 

5/5 

4-4 


r 

6 

1 9/10 

i 

7*7 

12-2-37 . . • 

i 

6S 

5/5 

| 

6-0 


f 

13 

5/5 

5*2 

10-6-37 . . ■ 





\ 

130 

i 

5/5 

4*0 



12 

5/5 

5*8 

20-9-37 .. ■ 

1 

| 



i 

120 

5/5 

4*2 

| 


3 

5/5 

8*6 

12-1-38 .. \ 

I 

i 

30 

i 

4/5 

5*6 

1 

r, 

8 1 

5/5 

l 

1 

5*8 

15-5-38 .. \ 





1 

80 

1 5/5 

1 

3*6 



10 

i 

5/5 

6*8 

1 6-9-3 S .. - 






106 

4/5 

i 

4*5 



14 

i 5 / 5 

, 6-0 

19-12-38 . . 






140 

5/5 

5*2 


r 

9 

; 3/5 

10*0 

15-4-39 






94 

5/5 

1 j 

5*8 


* The numerators denote the number of deaths and the denomi- 
nators the number of mice used. 


, MJ* 
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Table IV. 


The virulence of Pasteurclla pestis strain .‘55 /B stored at 4° ±2 °0. 


Dates of 
virulence 
measurements. 

1 Number of 
organisms given 
, subcutaneously 
j per white mouse. 

Results. 

Average duration 
of life after 
inoculation in 
• days. 


i 

! 13 

5/5* 

6*4 

1S-5-3G . . • 

1 




137 

5/5 

4*8 


i 

1 5 

5/5 

7*2 

21-8-30 . . - 

, 59 

4/5 

1 

5*0 


i 

j 4 

4/5 

' 5-8 

29-1-37 . . ■ 

l 1 

1 


' 

1 4G 

5/5 

5*6 

( 

i 

8 

5/5 

0*8 

e* 

1 

00 

Cl 

! 8r> 

5/5 

3*S 


l 11 

5/5 

7*0 

17-9-37 - 

1 

112 

i 

5/5 

4*4 

( 

4 1 

r>/r> 

7*2 

10-1-38 . . J 



1 

40 

5/5 

6*5 


8 

5/5 

5*6 

15-5-3S . . . 




80 

5/5 

5*0 


10 

5/5 

0*4 

16-9-38 . , , 




| 100 

1 

5/5 

3*4 


! io 

4/5 

0*0 

19-12-38 . . J 

1 


1 

100 

5/5 

5*2 


8 

4/5 

6*8 

25-4-39 . . | 




i 70 

5/5 

4*6 


* The numerators denote the number of deaths and the denomi* 
nators the number of mice used. 



S. S. Sokhey. 

Table V. 

The virulence of Pasteurella pestis strain 36/// stored at 4° ± 2 °G. 


Dates of 
virulence 
measurements. 

Number of 
organisms given 
subcutaneously 
per white mouse. 

Results. 

i 

Average duration 
of life after 
inoculation in 
days. 

[ 

11 

4/5* 

8*3 

1S-12-3G . . j 

112 

5/5 

7*0 


10 

5/5 

6*2 

28-5-37 . , * 


6*2 


107 

4/5 


10 

5/5 

7*2 

17-9-37 . . ■ 

102 

5/5 

' 5*2 

i 

f 

6 

4/5 

6*8 

31-1-38 . . \ 

62 

5/5 

6*4 

( 

7 

5/5 

4*4 

16-5-38 .. ] 

70 

5/5 

4*0 


8 

4/5 

6*0 

12-9-38 . . ■ 





86 

5/5 

6*0 


10 

5/5 

8*0 

12-12-38 . . - 




100 

5/5 

4*8 


10 

5/5 

9*2 

25-4-39 . . - 




106 

5/5 

8*2 


* The numerators denote the number of deaths and the denomi- 
nators the number of mice used. 


369 



370 


Experimental Studies in Plague. 


Table VI. 

The virulence of Pasteurella pestis strain 39 /B stored at 4° ± 2°C. 


Date of 
virulence 
measurements. 

Number of 
organisms given 
subcutaneously 
per while mouse. 

Results. 

Average duration 
of life after 
inoculation in 
days. 


n 

r>/5* 

5*8 

31-3-37 . . 


1 

4*8 


11C> 

t 

5/5 j 

7-7-37 . * \ 

•• 

1 

•* 

1 

08 

1 8/5 

, 5-8 

! 


11 i 

5/5 

1 

l 

6*2 

29-1-38 . . ■ 





118 

6/8 

5*8 


10 

4/5 

5*0 

12-9-38 . . ■ 


i 

i 

106 

5(5 

0*0 

( 

12 

5/5 

9*2 

16-12-38 .. 1 



( 

120 

5/5 

5-3 

( 

9 

4/5 

5*5 

1-6-39 .. 1 



( 

96 

5/5 

4*G 


* Tl\e numerators denote the number of deaths and the denomi- 
nators the number of mice used. 


Summary. 

A simple and convenient method for maintaining the virulence of Post, pestis 
cultures is described. It consists in planting the strains to be preserved on 5 per 
cent rabbit-blood agar slopes in test-tubes, incubating them at room temperature 
(26°C. to 32°C.).for four days, and at the end of this period sealing the tubes on the 
flame, and storing them at 4° ± 2°C. Cultures stored in this manner retain their 
virulence unimpaired for three years and perhaps even longer. 
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The main object in undertaking tliis investigation was to ascertain the sero- 
logical relationship, if any, between the various strains of Past, pestis. The problem 
of the existence of different strains has been studied by several workers. 
Wu Lien Teh et al. (1936) have summarized the work carried out m the past. 
Signorelli and Caldarola (1912) and de Smidt (1929) working with strains ob- 
tained from different parts of the world came to negative results. Pirie (1927) also 
a dmi tted that simple agglutination tests failed to reveal the existence of types 
or groups within the species pestis and suggested probable success with agglutinin 
absorption tests. In this paper we have attempted the serological differentiation by 
agglutination tests of the various strains grown, especially at room temperature 
(27°C. to 29°C.), the temperature at which Haffkine broth vaccine is incubated. 
Some work on strains grown at 37°C. has also been carried out. 

Agglutination technique. 

Various agglutination methods have been suggested from time to time in the 
case of Past, pestis but the difficulty of preparing sera of high titre and suitably 
stable suspensions of the bacilli have always been a hindrance. 

1. Antisera.—* The sera were prepared by inoculating rabbits first subcutane- 
ously and later intravenously with graduated doses of heat-killed (55°C. for 30 
minutes) cultures of Past, jiestis grown at room temperature (27°C. to 29°C.) on 
: acid digest agar ’ and suspended in normal saline. The first dose consisted of 
0-5 c.c. of the saline suspension standardized to Brown’s Opacity tube No. 2 
subcutaneously, increasing the same to I c.c. for the next injection. A similar 
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dosage was given intravenously and this procedure was followed by substituting 
live cultures and testing the blood from time to time. Owing to variable 
agglutinin response of rabbits, no standard course could be followed. Injections 
were continued until a serum of suitably high titre was produced. 

2. Agglulinable suspension oj ihe bacilli . — The organism grown at room tem- 
perature is salt and serum sensitive, hence useless for preparing a stable suspension. 
Several ways have been employed to get over this difficulty, e.g., growing 
at 37°C. (after Dieudonno and Otto, 1927) by suspension of the growth in dis- 
tilled water (after Kolmcr, 1924), by sand filtration (after D’Aunoy, 1923), and by 
formalinizing the suspension (after Batchclder, 1929). All these methods were 
tried by Greval and Dalai (1933), but they did not get repeatable results and used 
the deposit from a broth vaccine grown for eight weeks at room temperature for 
preparing an agglutinablc suspension. This method for preparation of the sus- 
pension was used by us in the course of this investigation partly but owing to its 
preparation taking a long time in case of individual strains and its unusual nature 
we developed a different technique. 

The medium for growth of the cultures is the routine meat-digest agar (pH G'S) 
distributed in Roux bottles. These arc sown with a thick emulsion of the organisms 
and incubated at 27°C. or 37°C. for four days according to the nature of agglutinable 
antigen wanted. The growth is washed with about 20 c.c. to 30 c.c. of distilled 
water containing 1 per cent of carbolic acid. The washings are poured into a 
sterilized test-tube containing glass beads and kept at room temperature (27°C. to 
29°C.) for six hours with an initial shaking by hand for five minutes and an occasional 
shaking during the first two hours. The supernatant homogeneous layer is then 
pipetted off and diluted with an equal volume of normal saline and allowed to stand 
in the refrigerator overnight allowing coarse particles, if any, to settle down. The 
supernatant portion is pipetted off and diluted with normal saline containing 0T 
per cent formalin so that the opacity lies between 2 and 3 of Brown’s Opacity tubes. 
Later on this method was modified, the modification consisting in centrifugalizing 
the stable portion obtained from the suspension kept in the refrigerator and after 
washing the deposit in saline twice it was re-suspended in normal saline contain- 
ing 0-25 per cent carbolic acid ; formalin 0'05 per cent was added if the 
suspension was produced in bulk for stock purposes to prevent the growth of 
fungi. The modification to re-suspend the bacteria was necessary to eliminate 
any . precipitin reaction which may result during the test by using the original 
liquid in which bacilli were suspended. 

In this connection it may not be out of place to mention briefly some of the 
other methods tried by us but found to give poor or no results. White (1927) found 
that concentrated alcohol applied at a temperature between 50°C. and 60°C. re- 
moved salt sensitiveness of rough Salmonella variants without damaging the essen- 
tial serological reactions of the bacillary bodies. Similarly, ether and chloroform 
were found to be effective but acetone was not so. We followed the technique 
used by mite but without success. The use of eight weeks’ growth in broth of 
the organisms by Greva and Dalai (loc. cit.) gave us the idea that breaking up of 
the organism may be the factor concerned. We used the freezing and thawing 
method for the purpose with no better results. The details of the technique are 
recorded m the Report of the Haffkine Institute for 1932-35. 
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Wc also tried growing tlie organism on different media and in some cases stable 
emulsions were obtained but these gave variable results as compared to the sus- 
pensions obtained by treatment with 1 per cent carbolic ( vide supra). 

3. Absorption tests . — Complete removal of the appropriate agglutinins with 
minimal amount of the suspensions was aimed at. The serum to be absorbed was 
diluted ten times. One c.c. of this 1 in 10 dilution was mixed with 1 c.c. of the 
bacterial suspension containing varying number of organisms (3,000 to 30,000 
millions). The mixture was kept in the water-bath at 37°C. for six hours and in 
the refrigerator overnight. The supernatant clear fluid was removed after centri- 
fugalizing and set up against the agglutinable suspension described above. A 
serum control containing no suspensions but the serum and saline only was dealt 
with similarly. 

4. Agglutination tests . — Macroscopic technique was adopted for the purpose 
and measurements were made volumetrically. The tests were set up in geometric 
series starting at a dilution of 1 in 50 and 1 in 20 in the case of 27°C. and 37°C. 
growths respectively. Readings were made after four hours in the water -bath 
at 54°C. 


Type of agglutination. 

Two types of agglutination were seen during the course of these experiments, 
one being specific to room-temperature growths and the other to 37°C. growths of 
Past, pestis. The types of agglutination depend on the agglutinable antigen and 
not on the type of antisera employed. The main points are summarized below : — 


Room-temperature (27°C. to 29°C.) growths. 


37°C. growths. 


1. Agglutinates slowly. 

2. Flakes small and uniform. 

3. Sediment compact. 

4. Sediment not easily dislodged, small flakes 

seen in a clear fluid on shaking. Clumps 
take time to re-form and settle down. 


Agglutinates rapidty. 


Flakes larger and of varying sue. 


Sediment voluminous. 


Sediment easily dislodged, uniformly distri- 
buted on shaking. 'Clumps re-form after 
about 10 minutes and settle dovn in large 
masses. 


Stbains employed. • 

A brief history and other particulars of the strains employed are given in a 
tabular form in the Appendix. 


Room-temperature growths. 

Preliminary experiments. As a preliminary, individual antisera were obtained 
by injecting rabbits as mentioned above with three strains designated as Vimlabai, 
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34/B, and I. The results of agglutination with the homologous and heterologous 
agglutinable antigens are summarized in Table I 

Table I. 

Results of agglutination experiments. 


Antiserum titm;. 

Agglutinable — 

antigen. j 


Viinltilmi. 1 34/B. . I. 

i ' 


1 

i 

i 




p . J 

-100 \ 

800 

800 


Q 

400 

800* 

800 

Controls. 

It ' 

1 

400 

800* 

800 

With nor null saline 
negative in all. 

! 

I 

400 

800 

800 

i 

34/B 

400 

801) 

800 

( With normal rabbit 
scrum negative in 
all. 

35/B 

400 

1 800 

800 


36/H 

400 

J 800 

800 

| 

37/H 

400* 

800 

800 


I20/5II 

200* 

400* 

} 

800 

\ 

t 

Egypt 

400 

800 

1 

SOO 

! 

1 

Vi minimi 

1 

* I 

O 

© 

1 

800 

800 

i 


* Partial agglutination in the next tube. 


The highest dilution which gave definite agglutination is alone recorded for 
the sake of brevity. 

From the study of results set out in Table I it is apparent that the serum pre- 
pared from any one of the above strains is capable of agglutinating all other strains 
practically to titre. It may be inferred that there are no different strains amongst 
those employed in the above experiments, as judged by the agglutination test. 

Absorption experiments. 

To corroborate the above findings it was thought necessary to carry out a 
series of agglutinin absorption tests with antiplague sera prepared from seven 
strains chosen as representatives from the strains stocked at the Haffkine Institute. 
Out of the strains used, four were Indian, one Egyptian, one from China, and 
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one from South Africa. Their particulars are Retailed in the Appendix. The 
method for production of antisera and the technique for absorption have 
already been mentioned above. The results are summarized in Table II ; — 

Table II. 


Results of absorption experiments. 


Antiserum. 

Absorbing antigen. 

Tithe of absorbed serum with 

HOMOLOGOUS AGGLUTINABLE 
ANTIGEN. 

Antigen obtained 
after adding 

1 per cent phenol. 

GrevaFs debris 
suspension 
antigen. 

i 


Egypt 

Nil 

Nil . 


H 

> y 

99 


I 

99 

99 

Egypt . . \ 





Vimiabai 

99 

99 


China 

400 

400 

\ 

Saline control 

400 

400 


34/B j 

Nil. 

— 


Vimiabai | 

J9 

— 


x i 

99 

— 

34/B . . , 

B. pestis (1920) 

99 

— 


Java 

99 

— 


S. Africa 

99 

— 

i 

Saline control 

600 

— 

r 

R 

Nil. 

Nil. 


H 

99 

99 


I 





99 

99 

R .. 

Vimiabai 

99 

99 


W 





99 

99 


Egypt 

99 

99 

\ 

Saline control 

j 600 

400 
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Table II — conlil. 


Antiserum. 

Absorbing antigen. 

Titri; or absoruih) skkum with 

HOMOLOGOUS AGGLUTINAHLH 
ANTIGRN. 

1 Antigen obtained 
j after adding 

1 per cent phenol. 

G royal's debris 
suspension 
antigen. 

/ : 

I 

Nil. 

Nil. 

l 

W 

tt 

tt 


China 

400 

400 

i 

t 

H 

iVi it. 

Nil. 

i 

Vim la bn i 

>» 

tt 


R | 

it 

ft 


Egypt | 

it \ 

»» 

» 

l 

X 

tt 

tt 

t 

l 

Saline control 

400 

300 

/ 

1 

Vimlabai ] 

Nil 

— 


35/B 

it 

— 


36/H 

it 

— 


W 

tt 

— 


S. Africa 

tt 

— 

; 

China 

200 


Vimlabai . . { 




I 

i 

I 1 

Nil. 

— 

1 

Laclrmi 

a 

— 

i 

Java 

tt 

— 

i 

X 

tt 

— 

i 

120/5H 

tt 

— 

l 

Saline control 

400 

1 __ 


S. Africa 

Nil . 

| 


Vimlabai 



S. Africa .. - 


>t 



35/B 

tt 

! 

> 

36/H 

a 

j 

i 
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Table II — concld. 




Tithe or ABSORBED SERUM WITH 
HOMOLOGOUS AGGLUTINABLE 
ANTIGEN. 

Antiserum . 

Absorbing antigen. 

Antigen obtained 
after adding 

1 per cent phenol. 

GrevaVs debris 
suspension 
antigen. 

r 

W 

Nil . 

— 


I 

99 

— 


Lachmi 

99 

— 

S. Africa — i 

Java 

19 

— 

concld . 

China 

300 

— 

i 

X 

Nil. 

— 


R 

99 

— 


Saline control 

400 

— 

f 

i 

China 

Nil. 

Nil 


Vimlabai 

i 400 

— 


35/B 

400 



36/H 

400 



W 

400 

400 


S. Africa 

400 

400 


I 

400 

400 


Egypt 

400 

400 

China B VIII a 

Lachmi 

400 

400 


Java 

400 

— 


H 

400 

400 


X 

400 

— 


R 

400 

400 


120/5 H (virulent) 

400 

— 


120/5 If (aviru- 
lent). 

400 

— 


Saline control* 

600 

600 


* Controls containing saline in place of suspension and treated similarly, 
— means test not put up, ‘ 



3S0 A Serological Study of Some Strains of Pasteurella pestis. 


The highest dilution which gave definite, agglutination is alone recorded for the 
sake of brevity. 

All the strains seem to be identical with each other with the single exception 
of China B VIII. Its antiserum, when absorbed with heterologous strains, shows 
a certain loss in its titre exhibiting the existence of a common group agglutinin 
but it is not possible to remove the agglutinins specific to the China strain itself. 

There are some cultural differences between China and other strains as well, 
e.g., it grows on nutrient agar when put up for the differential growth test, while 
the other strains do not. 

For the differential test a 5-mm. loopful of 48-hour broth culture is added to 
4 c.c. of sterile peptone water and one 5-mm. loopful of this dilution is planted on 
a nutrient-agar slope. This is incubated at 37°C. for 48 hours. 

To ascertain any antigenic relation of this strain with B. pseudotubcrculosis 
rodentium , the absorption of the China serum was carried out with 27°C. growth of 
the latter organism. It is apparent from Table III that no such relationship 
could be established : — 

Table III. 


Antiserum, 


Absorbing antigen. 


Titro with ngglutin- 
able China B VIII 
antigen (27°C. 
growth). 


China B VIII 


’ B, pscudotuberculosix 
rodent him (27 °C. 
growth). 

, Saline control. 


400 

400 


It is possible that China B VIII represents a Pasfevrella type distinct from 
Past, pestis or a variant of the latter. We are working with five more strains 
obtained from China and hope to deal with this point fully in a future commu- 
nication. 


Experiments with strains grown at 37°C. 

In the above investigation as stated previously, the cultures for production 
of antisera and absorption test were grown at room temperature (27°C. to 29°0.) 
and as Schiitze (1932) has pointed out antigenic differences between the cultures 
grown at 37°C. and 26°C. growths it was thought worth while to carry out some 
experiments. 

The antiserum used was a rabbit serum obtained by immunizing a rabbit with 
the strain 120/5H (virulent) grown at 37°C. This serum was absorbed as before 
with cultures grown at room temperature (27°C. to 29°C.) and at 37°C. The strains 
used were 120/5H virulent and avirulent, 33/B, I, virulent and avirulent, W, X, 
and China. 
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The results are summarized in Tables IV and V : — 

Table IV. 


Antiserum. 

Absorbing strains 
(37°C. growth). 

Titrc with | 
37 antigen 
of 120/5H. 

Titre with 

27 antigen 
of 120/5H. 

r 

120/5H (virulent) 

1 

Nil | 

Nil 


120/5H (avirulent) 

99 

99 


33/B 

„ 

| 

99 


I (virulent) 

99 

99 

120/5H 

I (avirulent) 

99 

99 


W 

99 

\ 99 


X 

1 

99 | 

*” 


China 

120f 

600 

1 


Saline control* 

240 

SOOf 


* Control containing saline in place of suspension and treated 
similarly. 

f Partial agglutination in the next tube. 


Table V. 


Antiserum. 

Absorbing strains 
(27°C. growth). 

Titre with 

37 antigen 
of 120/5H. 

Titre with 

27 antigen 
of 120/5H. 



120/5H (virulent) 

160 

Nil 



120/5H (avirulent) 

160 

99 



33/B 

160 

99 

| 



I 

160 

99 

120/5H -> 







W 

160 

99 

1 


X 

! 

160 

1 

9 9 



China 

240 

1 600 



Saline control* 

240 

800f 


* Control containing saline in place of suspension and treated 
similarly. 

t Partial agglutination in the next tube. 
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To corroborate the above observations the experiments recorded in Tables VI 
and VII were also repeated with a polyvalent antiplague serum (No. 15) prepared at 
the Haffkinc Institute by immunizing horses at first with 37°C. live growth of 
120/5H (avirulent) and later with other mixed strains. In this particular case 
strains used are 12, viz., 120/5II, I, P, R, Vimlabai, N, 34/B, 3G/II, 37/B, 38/B, 
39/B. Absorption of the serum was carried out with individual strains grown at 
37°C. and 27°C. as well as with a mixed suspension of the strains used for produc- 
tion of the serum. The absorbed sera were put up for agglutination with an 
antigen produced from a mixture of all the strains used for immunization of 
the horse. The results are summarized in Tables VI and VII : — 


Table VI. 


Antiserum. 

Absorbing antigen 

Titro with poly- 
valent agglutinnble 

Titre with poly- 
valent agglutinnble 

j (37°C. growth). 

antigen (37°C. 

antigen (27°C. 
to 29°C. growth). 


growth). 

i 

f 

Vimlabai 

i Nil. 

Nil 


34/B 

•* 

>» 


! 3S/B 

i 

•• 


w 

ft 

» 

Polyvalent anti' 

| S, Africa 



piague serum < 
(horse No. 15) 

I 

f 

i 

! 

J China 

i 

1 20* 

son 


I 

A 7 i7. 

A T i7. 


| Lachmi 

>* 



Mixed strains 

■ i 


l 

Saline control 

100 

1 in 1,200 

— — 


. 



* Partial agglutination in tlio next tube. 



With an idea of ascertaining whether it was possible to absorb all the agglu- 
tinins of a serum produced with strains grown at 37°C. by means of cultures 
grown at room temperature, the polyvalent serum (No. 15) was absorbed with 
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room-temperature growths and put up against the agglutinable polyvalent 
antigen (37°C. and 27°C.). The results are summarized in Table VII : — 


Table VII. 


Antiserum, 

Absorbing antigen 
(room-temperature 
growth). 

Titre with poly- 
valent agglutinable 
antigen (37 °C. 
growth). 

| Titre with poly- 
1 valent agglutinable 
. antigen (room 

1 temperature 27 °C. 

| to 29°C. growth), 

i 



Vimlabai 

120 

Nil . 



34/B 

120 

99 



35/B 

100 

99 



120/5H 

120 

99 



36/H 

120 

i 

99 

Polyvalent anti- 


W 

! 120 

99 

plague serum « 
(horse No. 15). 


S. Africa 

120 

>> 



China 

120 

800 


i 

I 

160 

Nil 


i 

Lachmi 

120 

99 



Mixed strains 

120 

9 9 



Saline control 

160 

1,200 


It would be apparent that room-temperature growth is incapable of absorbing 
all the agglutinins and that a remnant is always left which can agglutinate a 37°C. 
growth antigen. From the above tables it is also obvious that no difference in 
the various strains of Past, pestis (grown at 37°C.) exists except in the case of China 
B VIII. Some remarks regarding the antigenic structure of the plague bacillus, 
however, seem to be relevant. The interpretation of the above experiments becomes 
easier if we adopt the conception of Schutze (loc. cit .) that the plague bacillus 
possesses two antigens — the somatic and the envelope, the former being heat-stable 
while the latter is heat-labile (destroyed when heated at 100°C. for one hour). It 
is apparent from the tables that the 37°C. growth is capable of absorbing all the 
antibodies of an immune serum produced with 37°C. growth, the absorbed serum 
showing no agglutination with the agglutinable antigens (37°C. or 27°C.). On the 
other hand room-temperature growth cannot remove entirely the antibodies from 
the same serum leaving always a remnant which agglutinates with the 37°C. agglu- 
tinable antigen. Evidently the 27°C. growth contains mostly somatic antigen 
though some envelope antigen must be present as the litre of the serum (37°C.) 
is reduced to some extent when it is absorbed with a suspension of 27°C. growth. 

J> MB tj 
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The following experiment shows the effect of heat on the 37°C. growth 

1 

Antiserum. J 

| 

Absorbing strains j 
(37°C. growth). 

Tit re with 37 
antigen of 120/5!! . 

Tit re with 27 
antigen of 1 20/511, 


[ 120/5IT unhented 

1 

1 : 
1 

* Nil. 

j 

' Nil. 

t 

120/5K (37°C. ^ 
scrum). 

1 120/. r >H lienteci for 

] hour at 1O0°G\ 

210 

i 

i 

19 


, Salino control 

240 

800 


This also corroborates the existence of two antigens in the 37°C. growth (heat- 
labile and heat-stable), the heated growth acting somewhat similar to the room- 
temperature culture. The antigenic differences can also be inferred from the type 
of agglutination specific to incubator (37°C.) and the room-temperature (27°C. 
to 29°C.) growth of Past, pestis. The rapidity of agglutination, the size of flakes, 
and the nature of sedimentation are characteristic of the particular type of 
growth. It is also apparent from these tables that by means of the above 
agglutination and absorption tests it is not possible to differentiate between a 
virulent and an avirulent strain ; they seem to be serologically identical. 


Summary and conclusions. 

1. An attempt has been made to study the serological relationship between 
some representative strains of Past, pestis. 

2. The agglutination and agglutinin absorption test have been employed 
during the investigation and a new technique for preparation of the agglutinable 
antigen has been described. 

3. Types of agglutination specific to room-temperature (27°C. to 29°C.) and 
the incubator (37°C.) growth have been recorded. 

4. Neither in the case of room-temperature (27°C. to 29°C.) nor in the case 
of the incubator (37°C.) growth, could any serological differences be detected 
between the various strains of Past, pestis , the only exception being a strain 
obtained irom China (China B VIII). This strain may be a Pastcurclla type 
distinct from Past, pestis, further investigation on the point is being continued. 

5. The existence of the types of antigens in Past, pestis when grown at 37°C. 
or room temperature have been discussed. The incubator (37°C.) growth is capable 
of absorbing all agglutinins from the sera obtained by immunizing animals with 
incubator or room-temperature growths, whereas the room-temperature growth is 
only capable of removing the antibodies from a serum produced by immunizing 
animals with room-temperature growth. In the case of 37°C. growth antisera 
a residual portion is always left when the same is absorbed with 27°C. growth 
suspension. The incubator (37°C.) growth when heated at 100°C. for one hour 
behaves more or less like a room-temperature growth. Antigenic differences are 
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also shown by the characteristic type of agglutination of the 37°C. and the room- 
temperature cultures. 

6. Using the technique detailed in the paper it was not possible to detect any 
serological differences between the avirulent and virulent types of the strains. 
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APPENDIX. 

History and other data of the strains employed for the experiments. 



23/H Hoshiarpur, Punjab 28-12-34 do. 2nd 

(blood culture). 
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Rat and flea extermination forms the most important plague-preventive 
measure, but its effective execution especially in human dwellings has always 
presented serious difficulties. Dealing with the problem by rat proofing of 
dwellings and building suitable godowns for the storage of grain is not 
economically possible in India, more so as the disease has become almost 
entirely a rural problem. Poison baiting and trapping, the measures usually 
resorted to, are not very successful. The rats soon learn to avoid these 
dangers. Similarly, the usual methods of dealing with fleas in dwellings by 
sprinkling emulsion of kerosene oil or pesterine are even less successful. Fumi- 
gation with hydrocyanic acid gas has always proved to be the most effective 
method of dealing with both rats and fleas, but so long as the only way was, 
to have recourse to the gas as such the process was dangerous and did not 
lend itself to wide use. With the availability of new proprietary cyanide com- 
pounds, which are very stable and give out HCN only when blown into the 
air, cyanide fumigation of dwellings became a practical proposition. In this 
form HCN fumigation is relatively safe and easy to apply. These preparations 
make hydrocyanic acid gas the fumigant of choice, and they afford a quick 
and certain method of destroying both rats and fleas at the same time. Some 
of these preparations have been in use for some time now and their use is extending 
It was, therefore, considered worth while to determine by experiment which of 
them was best suited for antiplague work under Indian conditions. 

( 389 ) 
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The cyanide reparations tested.* 

1. Cyanogas A Dust (prepared by the American Cyanamid Co., New York) 
is a very finely divided greyish blue powder about 80 per cent of which passes a 
200 mesh screen, and is said to contain not less than 40 per cent and not more than 

50 per cent of pure calcium cyanide. One sample used for some of the experiments 
detailed in this paper on analysis showed a Ca(CN) 2 content of 42-30 per cent and 
an HCN content of 23-31 per cent. 

It is sold on the market in 5 lb. and 20 lb. tins, and 100 lb. barrels. The makers 
also provide a foot-pump for the application of the Dust— Cyanogas Foot-Pump 
Duster. It is a large-bore pump to the nozzle of which is securely fastened a glass- 
jar which holds the Dust. It is so constructed that it can be held in place with a 
foot and both hands are free for the operation of the pump. On the downward 
stroke of the piston, air is suddenly blown into the glass-jar and thus a cloud of 
dust is created and blown out of the jar through an outlet to which is attached a 
rubber hose which can be introduced into a burrow or a room as desired. 

The makers (and also an Indian firm f) are now providing a modified pattern 
of their original foot-pump duster. This pattern is provided with a ‘ cut-out ’ 
device. With this ' cut-out ’ device the pump can be used to blow air independently 
of the Dust if desired. This ‘ cut-out ’ device is of particular value when the 
Dust is applied to rat burrows, as we shall show below. 

2. Calcid Briquettes (prepared by Deutsche Gesellschaft fur Shadlingsbe- 
kampfung, Frankfurt A. M.) are small ‘tablets, each weighing about 20 g., of 
pressed calcium cyanide. The} 7 are said to contain about 88*5 per cent of pure 
calcium cyanide. One of the samples used in the tests to be described below 
showed on analysis to have a Ca(CN) 2 content of 84-94 per cent and an HCN 
content of 46-80 per cent. The Calcid Briquettes are sold usually in 4 kg. 
sealed tins. 

Three special blowers for using the preparation are provided by the makers. 
All these machines are combined grinders and blowers. The turning of the handle 
of the machine grinds the Briquettes into fine powder and the powder so resulting 
is blown out by the blast produced by the fan which is fixed on the same axis. 
The smallest of the blowers is the small Calcid Baby Blower which has a fan of 

51 inches diameter. The next size has a fan with blades 7?, inches in diameter. 
The largest is Type 6 Degesch Machine which has a fan diameter of 10 inches. 

3. Cymag (prepared by the Imperial Chemical Industries. Ltd., London) is 
a finely ground powder over 60 per cent of which passes 200 mesh screen. Its 
composition is not disclosed, but it is said to contain 20 per cent IICN. One of 
the samples used in this work was found to have an HCN content of 19-78 per cent. 
It is sold usually in 7 lb. tins. 


* The following local representatives of the makers presented the Haffkino Institute with samples 
of their products and requested their suitability to be tested : 

1* Messrs. Shaw Wallace &. Go., Bombay — Cyanogas A Dust, 

2. Messrs. Havero Trading Co„ Bombay — Calcid. 

3. Messrs. The Imperial Chemicals, Bombay — Cymag. 
f Messrs. Bali & Co., 168 Chandni Chowk, Delhi. 
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The makers provide a small portable blower* — Early Bird Blower. The blower 
available in Bombay was not found satisfactory, and in experiments reported below 
the new pattern Cyanogas Foot-Pump Duster was used for applying Cymag. 


Measurement of the yield and rate of evolution of the gas 

FROM THE PREPARATIONS UNDER TEST. 

The description of the three preparations given above tells us only about 
their total content of HCN. But what is important from our point of view is to 
know the actual amount of HCN that these preparations yield when applied. It 
is equally important to know the rate at which the gas is evolved from each of the 
three preparations. The importance of the rate of evolution of gas will become 
clear, when we come to describe actual experiments in connection with the 
disinfestation of huts. 

The evolution of HCN gas from calcium cyanide is a simple process. When 
finally divided calcium cyanide powder comes in contact with atmospheric air, 
which normally contains a larger amount of water vapour, it gives up HCN and 
the calcium drops down as inert slaked lime. 

To measure the amount and the rate of evolution of HCN from the preparations 
under test a specially built air-tight chamber was used. The sides and the roof of 
the chamber were made of plates of glass held in place in a wooden frame. One 
side was provided with a door also made of glass-plates. The floor was made of 
wood boards dovetailed into each other and pasted over with thick cartridge paper. 
All the joints and door were made air-tight with strips of felt. To prevent chance 
leaks the door was also pasted over with strips of paper. The dimensions of the 
chamber were, height 6 feet 6 inches, length 7 feet 6 inches, and width 
4 feet. One side wall of the chamber was provided with two wooden recesses 
for another experiment and deducting the space occupied by these recesses 
the capacity of the chamber was 200 cubic feet. 

The chamber was provided with glass-tubes let in from one side to permit 
of samples of enclosed air being aspirated. Similarly, a large-bore inlet tube was 
provided to permit the applications of the fumigants under test to the interior of 
the chamber. This inlet tube opened 2 inches above the centre of the floor. 

For each test a given amount of the fumigant was blown into the chamber 
through the inlet tube. This process took about 15 seconds. Thereafter at stated 
intervals three samples of air were simultaneously withdrawn from three tubes, 
one 76 inches, the second 50 inches and the third 6 inches above the level of the 
floor. Each sample measured 5 litres. It took 90 seconds to draw each sample, 
therefore the aspiration of the sample was begun 45 seconds earlier and completed 
45 seconds after the time intervals given in the table. The aspirated air was 
passed through two wash bottles containing 5 per cent solution of caustic soda 
and the resultant solution was titrated against silver nitrate using potassium iodide 
as the indicator. The average HCN content of the three samples simultaneously 
drawn each time is given in the protocol. 

The results of the determinations are given in Tables I and II : 


* Only one blower ay as tested which proved to be mechanically defective, in that there was a back 
draft which blew\some of the dust backwards. Tim mnt 0 r C _ ^ ^ 


Blowers are perfectly sound and give a very powerful blast. 


T f B 1 u akers ’ h(nvever > assure us that Early Bird 
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It will be noted that both Cyanogas A Dust and Calcid on coming in contact 
with air give up their total content of IiCN. In a closed space the maximum yield 
in the case of Calcid is reached in 15 minutes, while in case of Cyanogas A Dust it is 
reached in 30 minutes, showing that evolution of the gas is twice as fast from Calcid 
as from Cyanogas A Dust. Cymag yields only about half of its total content of 
HCN and the rate of evolution is very slow. It takes 90 minutes to reach even 
this low concentration *. 


Experiments to determine the relative effectiveness of the 

FUMIGANTS UNDER TEST. 

In actual antiplaguc operations in the field one is called upon to disinfest 
rat burrows which may be blind or open and to disinfect dwellings and other buildings 
as a whole. The dwellings may vary from jmcca structures with well-fitting doors 
and windows capable of being easily rendered air-tight to flimsy huts which cannot 
be made even partially air-tight. The experiments detailed below were designed 
to test the value of these proprietary cyanide preparations under all the usual 
conditions met with in the field. 


1. EXPERIMENTS WITH BURROWS. 

Description oj the burroiv. — For these experiments an artificial burrow dug in the 
ground was employed. It consisted of a channel 4 inches wide. 3 inches deep, and 
240 inches long, consisting of 4 equal portions (each 60 inches in length), arranged in 
the form of a W, the angle of inclination between each portion being 45°C. Pieces 
of expanded metal of -1-inch mesh, were fixed across the channel near the angles, at 
‘ b ’, ‘ c ’, and ‘ d ’ as shown in the Diagram, to divide it into four sections, 
5 A ‘ B’, ‘ C and ‘ D ’. The whole channel was roofed in with plates of glass 
held in place with mud. The opposing edges of glass-plates were made air-tight 
with Plasticine. A small window for introducing rats and fleas into the 
compartment was cut in the centre glass-plate of the roof of each section. 
These windows were closed with small plates of glass fixed in place with 
Plasticine. The rat burrow made in this fashion proved to be reasonably 
air-tight. Its capacity was 1-66 cubic feet. 

Method oj testing. — For each test two adult house rats and a muslin bag con- 
taining five fleas were introduced through the windows in the roof into each section 
of the burrow except section ‘ A ’. No rats and fleas were introduced into section 
A as it had the inlet for cyanide preparation and unnecessarily large amount 
of the powder deposited itself in this section. Thus 6 rats and 15 fleas were used 
for each test. End ‘ e ’ of the burrow was closed with a piece of expanded metal, 
i-inch mesh, when it was desired to use the burrow as an open burrow, but this end 


* The Imperial Chemical Industries, Ltd., .London office repeated Cynra" tests under the conditions 
used at the Haffkine Institute, and results similar to those lound in Bombay were recorded. The 
makers remark, ‘ In the Haffkine (Institute) method the air is sialic and it appears that with Cymag 
a state of equilibrium occurs when the atmosphere contains 30 to 40 per cent of availablo II ON 
(depending on the amount of Cymag present) . 
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was closed with pieces of si one and mud, when the burrow was used as a blind burrow. 
The nozzle of the rubber hose of the appropriate blower was inserted into the opening 
at ‘ a ’ and the rest of the opening carefully blocked with pieces of stone and mud. 
The burrow was carefully examined to see that glass-plates _ closing the window 
were fixed in place and the whole burrow was reasonably air-tight. 


Diagram op the artificial burrow. 


Inlet Outlet 



The fumigant in each test was blown into the burrow from the end c a 
When the burrow was used as an open burrow, the opening at the end ‘ e ’ was 
watched and was blocked quickly with mud on the first signs of the escape of the 
powder from that end. But the blowing in of the powder was continued until a 
pre-determined amount of it had been blown in. Thereafter if the blower permitted 
it, as in the case of Oalcid Blowers or the new pattern Cyanogas Foot-Pump Duster 
with the ‘ cut-out ’ device, a certain amount of air was blown in to carry the powder 
to the farthest portion of the burrow, 
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In the case of Cyanogas A Dust and Cyniag the glass container of the foot- 
pump was filled to three-quarters of its capacity with the powder, weighed, and 
then screwed in place. A pre-determined number of strokes of the piston, cal- 
culated to blow out a given quantity of the powder, were given. But the actual 
amount of the powder blown in was determined by weighing the glass container 
at the end of the operation and by subtracting this weight from the original 
weight. 

In the case of Calcid Briquettes the desired amount was weighed and placed 
in the blower and the blower worked until the preparation was completely blown 
in and thereafter a few turns of the handle were given to blow in some air to carry 
the powder to the farthest part of the burrow. 

The blowing in of the fumigants into the burrow took only a few seconds. The 
time was noted when the blowing in of the fumigant was started and the fumigant 
was allowed to act for two hours. During this period watch was kept to note the 
time which the rats took to die. At the end of the two-hour period the roof plates 
of the burrow were removed and the rats and the muslin bags containing fleas were 
removed. The flea bags were emptied into a clean dry bell-jar, and the rats were 
transferred to a cage. The number of rats and fleas that had died was noted. 

A. Experiments with the open burrow. 

For this purpose the artificial burrow described above was used with the outlet ' 
c e 5 open to the outside air but blocked with a piece of -1-inch mesh expanded metal 
to prevent the rats from escaping from section * D ’ of the burrow. 

Cyanogas A Dust was applied both with (i) the original pattern Cyanogas 
Foot-Pump Duster without the ‘ cut-out ’ device and (it) the new pattern Cynogas 
Duster with the ‘ cut-out ’ device. Cymag was applied with the new pattern 
Cyanogas Duster only. Calcid was blown in with the Calcid Baby Blower with 
7b inches blades. 

When the blowing in of the fumigant was commenced a watch was kept on the 
outlet c (l ’ and at the first sign of escape of the powder from that end, it was quickly 
closed with mud. Blowing in of the fumigant was continued until a pre-determined 
amount was blown in and thereafter a few more turns of the handle of the Calcid 
Blower or a few more strokes of the Cyanogas pump were given, if the pump was 
fitted with a ‘ cut-out ’ device, to blow in a little air to carry the powder to the 
farthest part of the burrow. 

The fumigant was allowed to act for two hours and then the roof glass-plates 
were removed to take out the rats and fleas. During this period of two hours a 
watch was kept to note the time of death of the individual rats. Results obtained 
are given in Table III. 

It will be noted that 2-5 g. of Calcid were enough to kill all the animals and 
the time taken to kill was four minutes, while 9-5 g. of Cyanogas A Dust were 
required when used with the new pattern pump and the time taken to kill was 
4 to 18 minutes. When Cyanogas was applied with the old pattern pump 
without the cut-out device as much as 66 - 5 g. were needed to achieve the 
same results, 



Table III. 

Experiments with the open rat burroiv. 
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* The numerators indicate the number of deaths and the denominators the number of animals used. 
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* The numerators indicate the number of deaths and the denominators the number of animals used. 
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In the case of Cymag, even though applied with the new pattern Cyanogas 
pump, as much as 120 g. failed to kill all the animals. Because of these 
unsatisfactory results further experiments were not conducted with this product. 

Calcid is therefore found to be the most effective of the three preparations 
under the conditions of the experiment both as regards the smallness of the quan- 
tity needed and the shortness of the time taken to kill all the animals. The HCN 
content of Cyanogas is about half that of Calcid, thus about 4 g. of it should have 
been enough, but the results with that amount were somewhat uncertain. 

B. Experiments with a blind burrow. 

The same burrow as described above was used except that the outlet c e ’ was 
closed with stones and mud before the blowing in of the fumigant was started. 
Other observations were made in exactly the same way as with the open burrow. 

The residts obtained are given in Table IV. 

The quantities of Calcid and Cyanogas A Dust needed to kill all the animals 
in a blind burrow were Calcid 1-25 g., Cyanogas A Dust 122'0 g. (when applied 
with the old pattern duster) and 3 1*8 g. (when applied with the new pattern 
duster with the * cut-out ’ device). Here too Calcid proves to be more effective 
than Cyanogas A Dust. If the action had been directly proportional to their 
content of HCN and if 1'25 g. of Calcid proved enough, 2-50 g. of Cyanogas 
should have produced the same results, but actually over 7 g. of Cyanogas A Dust 
were required. 

These experiments also make it abundantly clear that the original pattern 
Cyanogas Foot-Pump Duster without the ‘ cut-out ’ is utterly useless for burrow 
fumigation. The Cyanogas Foot-Pump Duster does not cause a powerful draught 
and Avliere it is not provided with a cut-out arrangement by which air can be blown 
in independently of the Dust, most of the Dust is deposited in the first arm, * A 
of the burrow and thus most of it remains ineffective. 

II. EXPERIMENTAL FUMIGATION OF DWELLINGS AS 

A WHOLE. 

Three types of dwellings were selected : (a) those that can be made 
reasonably air-tight, (b) those that can be made only partially air-tight, and 
(c) those that cannot be rendered even partially air-tight. 

(a) Dwellings capable of being rendered reasonably air-tight. — Well-built masonry 
and cement structures with flat impervious roofs and pucca floors with well-fitting 
windows and doors would come under this category. Such dwellings are rare 
in rural India. But experiments were conducted in one such building in the 
interest of completeness of our study. 

For this experiment one of the rooms of this Institute with a capacity of 
11,794 cu. ft. was selected. Twelve rats, each in a separate cage, were placed at 
different levels in the room. Twelve muslin bags containing two fleas each were 
similarly distributed. Doors and windows were closed and the hose of the blower 
was introduced into the room through a circular hole made in one of the glass-panes 
of the door and fixed in place with Plasticine. ^ 
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Calcid was applied with the largest Calcid Blower Type 6 Degesch Machine, 
and Cyauogas A Dust was blown in with the original type of Cyanogas Foot-Pump 
Duster without ‘ cut-out ’ device. After the introduction of the fumigant under 
test, the room was left closed for six hours. Results are given in Table V : — 


Table V. 


Experiments with an air-tight room. 




i 

i Average 

' relativo 

humidity, i 
t per cent. i 

1 

Quantity of 

Period of 

Results. 1 ' 

Number 
of experiment. 

Mean 

fumigant 



temperature, 

°C. 

applied in 
g. per 

1,000 cu. ft. 

1 

i exposure, 
j hours. 

Rats. 

Fleas. 


Series IX*C. 


( i ) Calcid . 


1 

32*5 

t 

00 0 

03 

0 

12/12 

, 24/24 

4 

30*5 

71-0 

30 

i 

6 

12/12 

24/24 

2 

32-0 

66*0 

25 

6 

12/12 

24/24 

3 

32-0 1 

07*0 

15 

0 

7/12 

24/24 

Series IX - D . 


(ii) Cyanogas A Bust. 




1 

31*1 

65*0 

200 | 

0 

12/12 

23/23 

3 

30*2 

72-0 

90 

6 v 

12/12 

23/23 

2 

28*4 

74*5 

60 

6 

12/12 

23/23 

4 

30*3 

74*0 

50 

1 

6 

12/12 

22/22 

5 

28*0 

86*0 

40 

6 

8/12 

, 

22/22 


* The numerators denote the number of deaths and the denominators the number of animals 
used. 


Of Calcid 25 g. and of Cyanogas A Dust 50 g. were needed to kill all the 
rats and fleas placed in the room. These quantities are directly proportional to 
the HCN content of these preparations. 

(b) Divellings capable of being made only partially air-tiglit. — The dwellings of 
the better classes in relatively prosperous villages are of this type.' They consist 
of masonry structures with tiled roofs which are not impervious. The windows 
and doors are usually ill-fitting and there are numerous chinks. For this experi- 
ment the Institute motor garage was used. This is a room with brick-walls, with 
a tiled roof and an ill-fitting large door. The capacity of the room is 1,800 cu. ft. 
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Cotton waste was used to stuff the clunks, and sheets of paper -were used to stop up 
the interval between the eaves and walls and strips of paper were applied to tlie 
door. The product under test was blown in and the room left closed for six hours. 
The results are given in Table VI : — 


Table VI. 


Experiments with partially air-tight room. 




1 

Average \ 

relative j 

humidity, 
per cent. 

i 

Quantity of ’ 


Number | 
of experiment.. 

Mean 

temperature, 
°C. l 
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i 

i 

the product 1 
applied in ( 

; £* P cr 

1,000 cu. ft. 

I J 

Period of 
exposure, 
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Results.* 


Rats. 

i 

i 


Fleas. 


(t) Calcid. 


Series III. 
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G 
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(ii) Cyanogas A Dust. 
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* The numerators denote the number of deaths and the denominators the number of animals 
used. 


Of Calcid 44 g. per 1,000 cu. ft. were enough to hill all the animals, but 
of Cyanogas A Dust as much as 167 g. were needed. According to the HCN 
content of Cyanogas A Dust (which is about half of Calcid) 88 g. of it should 
have achieved the same result as 44 g. of Calcid. The discrepancy, as we shall 
show in the next experiment, is due to the rate at which HCN gas is evolved from 
the two products. 

(c) Experiments with dwellings which cannot be made even very partially air - 
light. — Most of the dwellings in the villages are of this type. They are usually mud- 
walled huts with thatched roofs, with or without shutters for doors. Even when 
shutters are used they are often no more than a few pieces of bamboo tied together. 
Such huts usually have no windows, chinks in the walls, and the largish interval 
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between the eaves and the top of the walls serves the purpose of windows. 
Fumigation of this type of dwelling is in our opinion the crucial test of the value 
of these fumigants. 

For this experiment we selected a dilapidated mud-walled hut with a thatched 
roof. The hut had two doors without shutters. There was an interval of more 
than one foot between the eaves and the walls. The hut was divided into two 
cubicles by a low mud partition and had a capacity of 2,500 cu. ft. We threw 
two large tarpaulins over the roof, but these tarpaulins were not large enough to 
completely cover the walls. An occasional hole here and there was stuffed with 
cotton waste. The rats in individual cages were placed in different parts of the 
huts at different levels and fleas in muslin bags were similarly distributed. The 
doors were then closed with pieces of tarpaulin. 

Calcid was applied with the large Calcid Blower Type 6 Degesch Machine. 
The outlet end of the hose from the blower was suspended from the roof 
at a distance of about four feet from the floor. Cyanogas A Dust was applied 
with the original pattern Cyanogas Foot-Pump Duster. After the products had 
been applied the hut was left alone for six hours. The results of these experiments 
are given in Table VII : — 


Table VII. 

Experiments with a hut not capable oj being made even very partially 

air-tight. 


Number 
of experiment. 


Mean 

Average 
relati ve 
humidity, 
per cent. 

Quantity of 
product 

Period of 

Results.* 

temperature, 

°C. 

applied in 
g. per 

1,000 cu. ft. 

exposure, 

hours. 

Rats. 

Fleas, 


Series IX-A. 


(i) Calcid. 


2 

29*3 

51-5 

400 

6 

12/12 

24/24 

5 

29*0 

59-0 

400 

6 

12/12 

22/22 

8 

30*5 

*• 

300 

6 

12/12 

24/24 

9 

29*7 

63-0 

300 

6 

12/12 

24/24 

10 

30*5 

75*0 

200 

i 

6 

12/12 

24/24 

11 

30*7 

74*0 

100 

6 

11/12 

23/23 

12 

30*0 

62*5 

100 

G 

12/12 

24/24 

13 

30*5 

66-0 

100 

G 

12/12 

24/24 

14 

29*7 

06-0 

50 

6 

8/12 

24/24 

15 

30*5 

67*0 

75 

' 6 

11/12 

23/23 

17 

29*7 

70*0 

1 

75 

6 

11/12 

24/24 


* The numerators denote tlie number of deaths and the denominators the number of animals 
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Table VII — concld. 



i 

| 

j Average 
relative 
humidity, 
per cent. 

Quantity of 

i 

! 

1 

Resorts.* 


' Mean 

product 
applied in 

Period of 



Number of 

temperature, 

exposure, 



experiment. 

°C. 

per 

1,000 cu. ft. 

hours. 

Rats. 

Fleas. 


( ii ) Cyanogas A Dust. 


Simms IX-B. 

1 

3] -7 

03*0 

! 800 

I 

(> 

12/12 

24/24 

2 

20*4 

63*0 

GOO 

G 

11/12 

24/24 

3 

30-5 

1 i 

03*0 

8oo ; 

0 

12/12 

24/24 

7 

30*7 

70*0 

400 

0 

0/12 

22/22 

8 

29-5 

09*0 

300 i 

0 

12/12 

23/23 

0 i 

31*0 i 

1 6<W> | 

200 

0 

8/12 

23/24 

10 

31*0 

GS*0 

300 1 

G i 

0/12 

1 24/24 

11 

31*0 

GP0 

400 

{ 

0 1 

1 

12/12 

24/24 

! 


* The numerators denote the number of deaths nml the denominators the number of animals 
used. 


Of Calcid 100 g. per 1,000 cu. ft. of space were found to be enough ho kill 
all the rats and the fleas under the conditions of this test, but of Cyanogns A 
Dust about 400 g. per 1,000 cu. ft. were required to achieve the same lethal 
effect. Theoretically 200 g. of Cyanogas A Dust should have proved adequate, 
since its content of HCN is half that of Calcid. The discrepancy as hinted 
before is due to the fact that Calcid gives out HCN twice as fast as Cyanogas 
A Dust and the very powerful Calcid Blower permits of very quick application 
of this product with the result that a lethal concentration of the gas is quickly 
reached although the gas keeps escaping from the hut all the time. Slower 
evolution of gas and a small applicator were handicaps in the case of Cyanogas 
A Dust. 

Experiments were conducted to measure the actual concentration of HCN 
in the hut at different intervals after the fumigant had been applied. Dor this 
purpose two tubes were introduced into the hut through a side wall, one about 
eight feet above the floor and the other about one foot from the floor. Samples 
were aspirated from these tubes simultaneously at stated intervals as described 
above under c the measurement of the evolution of gas, etc. ’ The results obtained 
are given in Table VIII, in terms of samples simultaneously drawn from each of 
the two tubes at stated intervals : — • 




Table VIII. 
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It was unfortunate that the amounts of the fumigants used for these 
experiments did not have an equal content of HON and the experiments could not 
be repeated as the hut was pulled down. In spite of this defect the experiments 
do roughly indicate that, while in the case of Calcid as much as 46 per cent of its 
total content of HCN was actually present in the hut after 3 minutes of its applica- 
tion, in the case of Cyanogas ADust the concentration never reached higher than 
25 per cent of its content of HON. 

Discussion. 

1. Three proprietary cyanide preparations, Calcid Briquettes, Cyanogas 
A Dust, and Cymag were tested to determine their relative value for the exter- 
mination of rats and fleas as a plague-preventive measure under Indian conditions. 
The Indian representatives of the makers were agreeable to such comparative 
tests being instituted and published. 

2. It was found that both Calcid and Cyanogas A Dust on being blown into air 
yield their total theoretical content of IICN, while Cymag yields only about half 
of its theoretical content under the same conditions. The theoretical HCN 
content of Calcid is 46-80 per cent of its weight, of Cyanogas A Dust 23-31 per cent, 
and of Cymag 20 per cent. 

3. Calcid evolves IICN gas twice as fast as Cyanogas A Dust and four times 
as fast as Cymag. In a closed space the maximum yield in the case of Calcid is 
reached in fifteen minutes, while the maximum 3’ield in the case of Cyanogas A 
Dust and Cymag is reached in 30 and 60 minutes respectively. This very 
marked difference in the rate of evolution of HCN becomes a factor of great 
importance when these products are applied to Indian huts which cannot be made 
air-tight even partially. The reaching of a lethal concentration of HCN inside 
such huts is conditioned by the rate of evolution of the gas from the product 
and the rate of dissipation of the gas from the hut. The rate of dissipation 
of the gas from a given hut being constant the product which evolves the gas 
more rapidly w r ould reach a lethal concentration with a smaller quantity. Thus; 
much smaller quantities of Calcid than those of Cyanogas A Dust, after allowing 
for the difference in the HCN content of these two products, are required for produc- 
ing effective lethal effects under the conditions of hut disinfestation. It is however 
to be noted that in the case of dwellings which can be rendered reasonably air-tight 
the quantities of Calcid and Cyanogas A Dust needed are projiortional to their 
HCN content. 

4. For the disinfestation of rat burrows Cyanogas A Dust, when applied with 
the new pattern Cyanogas Foot-Pump Duster, fitted with the ‘ cut-out ’ device which 
permits of air being blown in independently of the powder, is approximately as 
effective as Calcid. But Calcid has one distinct advantage over Cyanogas A Dust in 
that, it is supplied in the form of small tablets of a given weight. The tablets have 
grooves pressed in them, which permit of their being easily broken into twm or 
four equal parts. This makes the accurate application of small doses to rat burrow's 
a matter of great ease. One has only to break the Calcid Briquette into required 
portions to get the correct dose. In the case of Cyanogas A Dust which is a powder 
the application of a correct dose to a rat burrow is a matter of conjecture. One 
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cannot carry in the held small pre-weighed quantities of this powder and put each 
small dose into the jar of the Cyanogas Foot-Pump Duster as required because the 
pump does not work efficiently unless the jar contains a largish amount of powder 
in it. Under the conditions the quantity of the powder applied is attempted to be 
controlled by the number of the strokes of the piston given. This achieves only a 
very rough control over the quantity applied. 

Cymag was found to be quite ineffective under the conditions of the experiment 
described. In an experiment in which 2'5 g. of Calcid and 95 g. of Cyanogas A 
Dust were found sufficient, as much as 120 g. of Cymag failed to kill all the 
animals. 

5. The Calcid Blowers are unquestionably superior to the Cyanogas Foot- 
Pump Dusters. They are much easier to operate and they produce a much more 
powerful blast. There is the further advantage that three different sizes of 
these Calcid Blowers are available in the Indian market to suit different sized 
operations. 

The original pattern Cyanogas Foot-Pump Duster without the c cut-out ’ device 
is particularly ineffective for rat-burrow fumigation. It does not carry the powder 
far enough into the burrow, with the result that wastefully large quantities of the 
dust have to be used to be certain of getting lethal concentration of HCN all through 
a longish burrow. In an experiment 11 '8 g. of the dust when applied with the new 
pattern Cyanogas Foot-Pump Duster with the ‘ cut-out ’ device were found enough, 
more than 122-0 g. of the Dust were needed when applied with the original 
pattern, Cyanogas Foot-Pump Duster without the ‘ cut-out ’ device. With a 
duster with this device, after the necessary amount of the Dust has been applied 
to the burrow, air can be blown in to carry the Dust to the farthest points of the 
burrow. 

Summary. 

Experiments are described to determine the relative value of three proprietary 
cyanide preparations, Calcid, Cyanogas A Dust, and Cymag for plague control 
work under Indian conditions. 
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• It was observed in the Laboratories (Aykroyd and Krishnan, 1937) that the 
.nutritive value of the poor South Indian diet for rats is increased by the addition of 
calcium lactate. This observation was followed up by an experiment on nursery 
school children aged 3 to 6 (Aykroyd and Krishnan, 1938) in which it was shown 
that young children given 0 - 5 g. of calcium lactate daily gained more rapidly in 
height and weight during a 5 to 6-month period than children not receiving this 
supplement. The present experiment, essentially similar in principle, was carried 
out to discover whether calcium lactate could produce the same effect on older 
children. Another object was to determine the relative value of calcium lactate 
and skimmed milk as supplements. 

The investigation took place in a day school about three miles distant from the 
' Laboratories attended by some 150 boys with ages ranging from 6 to 12, the average 
age being about 9. The boys were Badagas and natives of the Nilgiri Hills, consum- 
ing a diet based largely on rice and containing no milk and only small amounts of 
vegetables. Their state of nutrition was in general poor. 

The school was divided into three groups, roughly equal as regards size and 
age, by working down the school list, class by class, and assigning the boys in 
sequence to groups I, II, and III. The groups were given the following daily 
supplements •: — 

Group I : (Control) . . A peppermint sweet. 

Group II : „ ..A peppermint sweet + 1 gramme of calcium 

lactate. 

Group III : ., . . 8 oz. (about 250 c.c.) of liquid skimmed milk 

reconstituted from 30 g. of milk powder. 

( 409 ) 
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The peppermints were given for psychological reasons. Considerable experi- 
ence has taught us that it is advisable, in carrying out school feeding experiments, 
to give all the children, including the control groups, some supplement. Otherwise 
the controls will feel neglected. 

The experiment lasted 11 weeks, during which the supplements were given on 
49 days. The children were weighed and measured at the beginning and end of 
the experimental period. Allowing for absentees, groups I. II, and III included 
respectively 42, 46, and 43 boys. Initial mean heights and weights in the three 
groups were approximately equal and analysis showed that the small differences 
in the initial means -were not statistically significant. 

The increments in weight and height in the three groups are compared in 
Tables I, II, and III, which include the necessary statistical constants. 


Table I. 


Groups J and 77. Increments and statistical constants. 


\ 

1 

INCREMENT OF WEIGHT, 
DR. 

t 

! INCREMENT OF HEIGHT, 

| INCITES. 

L 

l 

1 

1 

t 

Gnour I. 

Gnour II. 

i 

Gnour I. 

Gnour II. 


Control, 

Calcium 

lactate. 

i 

i 

| Control. 

i 

t ! 

Calcium 

lnctate. 

Number in sample 

42 j 

40 

t 

i 

42 

46 

Mean of sample 

: j 

—0*02 

+ 0*S0 

+ 0*42 

+0*63 

Standard deviation of sample 

0*8250 

1-393 

0*209 

0*435 


Difference between two means . . 
Standard error of difference 
Difference — 

Standard error of difference .. 
Significance 


0*82 

0*2417 

3*39 

Significant. 


0*21 


0*0718 


2*92 

Significant. 




II’. R. Aykroyd ami B. G. ICrishnan. 411 

Table IT. 

Groups I and IJT. Increments and statistical constants. 


• 

1 INCREMENT OF WEIGHT, 

, LB. 

INCREMENT OF HEIGHT, 
INCHES. 


Grout I. 

1 

Group III. 

Group I. 

Group III. 


1 

Control. 

1 

1 Skimmed 
' milk. 

1 

Control. 

Skimmed 

milk. 

'Number in sample 

42 

43 

42 

i 

43 

Mean of sample 

— 0*02 

1*35 

0*42 

0*59 

Standard deviation of sample 

0-8256 

1*415 

0*209 

0*279 

Difference between two means . . 

1*37 

0*17 

Standard error of difference 

0*25 

0-0535 

Difference — 





Standard error of difference . . 

5*48 

3-18 

Significance 

Significant. 

Significant. 


Table III. 


Groups II and III. Increments and statistical constants. 


• 

INCREMENT OF WEIGHT, 
LB. 

INCREMENT OF HEIGHT, 
INCHES. 

Group II. 

Group III. 

Group II. 

Group III. 

* Calcium 
lactate. 

Skimmed 

milk. 

Calcium 

lactate. 

Skimmed 

milk. 

Number in sample 

46 

43 

46 

43 

Mean of sample . . . . 

0*80 

1*35 

0*63 

0-59 

Standard deviation of sample . . 

1*393 

1*415 

0*435 

0-279 

Difference between two means . . 

0*55 

0-04 

Standard error of difference 

0*298 

0-077 

Difference — 





Standard error of difference . , 

1 1*85 

0-52 

Significance 

Almost significant. 

Not significant. 


412 


The Value of Calcium Lactate for Indian Children. 


Discussion. 

The results show that weight and height increments in both the calcium lactate 
and the skimmed milk groups were significantly greater than in the control groups. 
While the control group did not increase in weight, the mean increases in groups 
II and III were 0-8 lb. and 1-35 lb. respective^. The difference between the calcium 
lactate and skimmed milk groups as regards weight increase falls just short of 
statistical significance. There was no significant variation in respect of height 
increments in these groups. It must be remarked, however, that the general 
condition of the children receiving milk showed an improvement which was less 
evident in the calcium lactate groups— an improvement which we have observed 
again and again when poor Indian children are given extra milk. It may be 
concluded that, while calcium lactate is of benefit under the circumstances, it is 
naturally a less valuable supplement than milk. Similar observations have been 
made on groups of rats (Aykroyd and Krishnan, 1937). 

In the experiment described the period of extra feeding was somewhat short; 
owing to a combination of circumstances if was impossible to continue for a longer 
period. The experiment was, however, of value in confirming the results of the 
earlier experiment in which a supplement of calcium lactate was found to have a 
beneficial effect on children in a nursery school. Half to one gramme of calcium 
lactate could be provided to a child at a cost of about 1 anna per month. 


Summary. 

1. South Indian day school children given a supplement of 1 gramme of 
calcium lactate for a period of about 11 weeks showed significantly greater height 
and weight increments than children not receiving calcium. 

2. In a similar group receiving skimmed milk height and weight increments 
were also significantly in excess of those recorded in the control group. The 
skimmed milk group showed more improvement in general condition than the 
calcium lactate group. Weight increase in the former was somewhat larger than 
in the latter but the difference was not quite significant. 
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It was previously reported (Wilson. Alnnad and Majumdar, 1936) that 
carotene fed as a colloidal watery solution was absorbed by rats. Although the 
absorption was poor compared with that of other groups receiving supplements 
of meat and fat, it nevertheless gave the animals adequate protection against 
vitamin-A deficiency. If was also shown that the absorption of carotene was 
definitely better when the hydrocarbon was fed dissolved in oil. Basu (1937) has 
reported that rats receiving a fat-free diet deficient in vitamin A failed to respond 
to curative doses of vitamin A or carotene. Since in the experiments referred to 
above only a comparative study of the absorption of carotene by animals fed on 
a synthetic diet containing various supplements was made, care was not taken to 
remove the last traces of fat from the basal diet, which was composed of heated 
rice starch 68 parts, casein (B.D.IT.) 18 parts, yeast 7 parts, and salt mixture 
7 parts. It was therefore thought not unlikely that the little fat ordinarily present 
in the diet might have helped in the absorption of the pigment. The present 
experiment was undertaken to settle this point. 

The ordinary stock diet used for rats in the Laboratories is rich in vitamins 
and carotene and experience has shown that animals given vitamin-A deficient 
diets after previous feeding on the stock diet, do not show signs of vitamin-A defi- 
ciency for long periods. For the present experiment, therefore, a modified stock 
diet was given to the female rats during pregnancy and lactation and to their ofE- 
spring during the period just after weaning. 

The diet was as follows : — 

Parts. 


Wheat (atta) . . . . • • • • 18‘0 

Lean meat . . . . • • • • 2'0 

Gingelly oil .. •• •• l’O 

Colocasia antiquorum . . . . . . 2 - 6 

Potatoes . . . . . . . 2 - 7 

Plantain fruit . . . . . . . . AO 

Dhal arhar . . . . . • . . l’O 


*■ Parlakimcdi Research Scholar. 
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When the young rats were about 40 to 50 grammes in weight, they were given 
a synthetic vitamin-A deficient diet. This diet was extracted with ether and 


contained less than 004 per cent fat. 

Its composition was as follows : — 

Parts. 

Starch . . . . . . . . 05 

Casein . . . . . . . . 20 

Dried yeast . . . . . . . . 8 

Salt mixture . . . . . . . . 7 


After G to 7 weeks on this diet, most of the animals began to show eye changes 
characteristic of vitamin-A deficiency. They were then given varying doses of 
colloidal carotene in 2 per cent glucose solution. Colloidal carotene solution was 
prepared by evaporating off the acetone from a solution of carotene in that solvent 
to which a little 2 per cent glucose water was initially added. The doses of carotene 
ranged from 7 -2 /ig. to 12-0 /xg. per day. Improvement of xerophthalmia occurred 
in 4 to 5 days. On discontinuing the supplement, the eye conditions reappeared 
within about a week. Of 55 rats with xerophthalmia given carotene in 
colloidal solution, 48 were cured. Of the rats treated, 20 were animals which 
developed xerophthalmia a second time after the carotene supplement was 
stopped. 

Storage of vitamin A. 

Two groups of four rats with signs of vitamin-A deficiency were fed 12’0 fig. 
and 7'2 p.g. respectively daily for a week. The rats were then killed and the 
vitamin-A content of their livers determined spcctrophotometrically according to 
the method described by De (1937). The band at 328 m/x. was taken as charac- 
teristic of vitamin A. A similar determination of the vitamin-A content of a 
control group of six deficient animals was made. 

The results are recorded below : — 


1 

Caroteno 
per rat 
per day. 

Total enroteno 
fed to tho group, 

Vitamin A per 
g. of liver, 

VS- 

Group I. 




Rat No. 12 
„ 20 .. 

„ 30 .. 

„ 34 .. 

12-0 1 
12-0 
i2*o : 
12-0 

| 33G-0 

0*S 

Geout II. 




Rat No. 13 . . 

„ 27 .. 

„ 31 .. 

„ 36 . . 

7*2 

7*2 

7*2 

7*9 

i 1 4 

lj 201-0 

I 

0*5 
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Tlie livers of six rats, killed when suffering from eye changes after a period on 
the vitamin-A deficient diet, were found to contain 0’18 fig. of vitamin A per gramme 
of liver. It thus appears that little or no storage of vitamin A in the livers takes 
place when small amounts of carotene (7 fig. to 12 fig. per day) are given to a 
depleted rat. 

Summary. 

Carotene fed in colloidal solution in water can be absorbed by rats even when 
the. diet contains less than O'Ol per cent fat. 
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Introduction. 

It is now well established that nicotinic acid and its amide have a curative 
action in pellagra and that they are essential components of the human diet. But 
little is known regarding the metabolism of nicotinic acid in human beings. The 
present paper deals with this aspect of the problem. 

In a recent communication from these Laboratories (Swaminathan, 1938) a 
chemical method was described for the quantitative estimation of nicotinic acid 
in foodstuffs and blood. It was found that the pellagra-preventive (P-P) values 
of foodstuffs reported by previous workers and based on biological investigations 
(Sebrell, 1934) corresponded roughly with their nicotinic-acid content. Investi- 
gations proceeding in these Laboratories have shown that milled rice, as compared 
with certain other cereals, is not a good source of the vitamin. Hence it appears 
probable that diets based largely on milled rice may be partially deficient in 
nicotinic acid. 

As a preliminary approach to this question, an investigation of the excretion 
of nicotinic acid by various groups has been undertaken. The response to test 
doses, which may indicate the degree of ‘ saturation ’ present, was also studied. 
The method followed is analogous to that of Harris and his co-workers for detecting 
partial deficiency of vitamins Bi and C (Harris and Ray, 1935 ; Harris and Leong, 
1936 ; Harris, Leong and Ungley, 1938), by determining the excretion of these 
factors under ordinary circumstances, and before and after the administration of 
test doses. 


Methods. 

Ingested nicotinic acid or its amide may appear in the urine' either as nicotinic 
acid (I), nicotinamide (II), nicotinyl-glycine (nicotinuric acid) (III), trigonellin (IV) 
and the codekydrogeneses, 1 and 2 (Ackermann, 1912 ; Komori and Sendiu 
1926 ; von Euler et al., 1938). J ’ 

( 417 ) 
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Yilter cl al. (1938) have proposed a method for the estimation of nicotinic-acid 
conjugates in urine using 2 : 4-dinitrochlorobenzene as a reagent. They found 
that nicotinic acid gave a purple colour and the amide a red colour, hut they made 
no attempt to convert the amide into acid ; further it is not known what colours 
would he given by nicotinyl-glycine and the codehydrogeneses. It has also been 
shown previously (Swaminathan, loc. cit.) that the amide gives only about half as 
much colour as the acid with the cyanogen-bromide-aniline reagent. It can also 
be seen from Table 1 that the values obtained for the nicotinic-acid content of urine 
before hydrolysis are much lower than those obtained after hydrolysis, which is 
evidently due to the presence of nicotinic-acid derivatives. Hence an accurate 
and complete estimation of nicotinic acid in urine involves the conversion of its 
derivatives into the free acid before any colorimetric test can be applied. These 
can be readily hydrolysed to nicotinic acid by boiling, with mineral acids, or alkalis 
(Ackermann, loc. cit . ; Swaminathan, loc. cit . ; von Euler cl al., loc. cit.). Previously, 
when dealing with foodstuffs and blood, 5 per cent hydrochloric acid was used. In 
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the present investigation 8 per cent sodium hydroxide has been employed. Equally 
good results are obtained with the former in the examination of urine, but the 
latter has slight advantages in that it removes the ammonia formed during hydro- 
lysis. After hydrolysis the solution is decolorized with charcoal (jESTorit) in a 
slightly alkaline medium. 

The colorimetric method used is a modification of that previously described 
by the author (Swaminathan, loc. cit.) for the estimation of nicotinic acid in 
foodstuffs and blood. Trigonellin is not estimated by the method. 


Procedure. 

Reagents required : — 

(1) Standard nicotinic acid (strong) 1 ml. = 1 mg. nicotinic acid dissolved 

in HC1, and kept in a refrigerator. 

(2) Standard nicotinic acid (dilute) 1 ml. = 10 n g. nicotinic acid, prepared 

fresh as required by diluting 0-5 ml. of solution (1) to 50 ml. after 
neutralizing with 0-5 ml. of ^ caustic soda. 

(3) Aqueous cyanogen bromide : This is prepared fresh by decolorizing 

in the cold a saturated aqueous solution of bromine by the gradual 
addition of 10 per cent sodium cyanide. 
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(4) Aqueous aniline solution, prepared fresh by dissolving 2 ml. of aniline 

in 80 ml. of distilled water and diluting to 100 ml. 

(5) Phosphatic buffer pH 7 (Clark and Lubs). 

(6) Sodium hydroxide 40 per cent. 

To 50 ml. of urine are added 12 ml. of 40 per cent caustic soda and the mixture 
boiled under reflux for 3 hours. In preliminary experiments using normal urines 
a period of If to 2 hours was found to be sufficient to complete hydrolysis. Urines 
collected after test doses have been given may conceivably contain appreciable 
amounts of nicotinyl-glycine, which might require about 3 hours for hydrolysis 
(Ackermann, be. cit.). The mixture, after cooling, was neutralized with concen- 
trated hydrochloric acid and then made slightly alkaline (about ~ NaOH) by 

the addition of 0-5 ml. of 40 per cent caustic soda. Generally a precipitate forms 
at this stage. This is removed by centrifuging and washed once with 20 ml. to 
30 ml. of water. The combined centrifugates (about 90 ml. to 100 ml.) are boiled 
for about 20 to 30 minutes with 2 g. of charcoal. This results in the concentra- 
tion of the solution to about 60 ml. It is filtered hot, and the charcoal washed by 
boiling with 20 ml. to 30 ml. of distilled water, containing 2 to 3 drops of 40 per 
cent caustic soda. The mixed filtrate, after cooling, is brought to pH 7 with 
dilute hydrochloric acid, filtered, and made up to a convenient volume. In 
general, the solutions are practically colourless, but occasionally they may have a 
light yellow tinge when a blank estimation is being carried out. 

The colorimetric method previously described has been slightly modified by 
the use of (1)2 ml. of phosphatic buffer of pH 7 to stabilize the reaction, (2) 8 ml. 
of cyanogen-bromide solution instead of 4, the former quantity having been found 
to give the maximum colour with 10 /xg. to 50 /xg. of nicotinic acid. 

Aliquots of the extract and the standard nicotinic acid (10 fxg. to 50 /xg.) are 
measured out and each diluted to 10 ml. Two ml. of phosphate buffer of pH 7 are 
added followed by 5 drops of aqueous aniline. Eight ml. of cyanogen-bromide 
solution are then added to the solutions, the mixture being shaken as the addition 
is being made. A bright yellow colour develops and reaches its maximum inten- 
sity within one minute. Five ml. of aqueous aniline are now added to each. The 
colours, which remain stable for over thirty minutes, are compared in a colorimeter 
immediately. 

Notes : — 

1. In the case of urines collected after test doses, which are likely to be 

rich in nicotinic acid, the solution before decolorization with charcoal 
should be diluted to about twice the volume indicated above. 

2. In the case of urines containing small amounts of nicotinic acid the 

volume of the final solution should be such that the concentration of 
nicotinic acid is at least 05 /xg. per ml. 

3. In certain cases in which the test solutions were of yellow colour, one 

estimation was carried out with each solution by the method’ des- 
cribed, but without the addition of cyanogen bromide, distilled water 
being added instead. The values so obtained for the ‘ blanks ’ were 
subtracted from the total values to get the true values. 
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Recovery of nicotinic acid added to urines in the form of nicotinic acid and its 
amide . — Different known amounts of nicotinic acid and its amide were added to 
known volumes of urine. The recovery was good in all the cases. The results are 
given in Table II. All the specimens of urine except No. 1 were collected after 
test doses. 


Table I. 

The estimation of nicotinic acid in urine before and after hydrolysis ( urine 
samples collected ajtcr test doses). 


] 

Sample 

number. 

Before 

hydrolysis 

(n»g-)- 

After 

hydrolysis 

1 

12*32 

! 21*59 

2 

5*0*1 

10-28 

3 

7*12 

M-C8 

4 

9*01 

! 15-30 

5 

7*78 

1 15-30 

G 

40*93 

i G7-9G 


Table II. 


Recovery of nicotinic acid added to urine. 


Experiment 

number. 

; 

"Urines with and without added nicotinic acid and 
its amide. 

i 

| Total 

nicotinic acid 

Recovery, 

! per cent. 

1 

Urine 50 ml. 

0*055 



Urine 50 ml. -f 0*05 mg. nicotinic acid + 0*05 mg. 
nicotinamide. 1 

0*151 

* 


Recovery 

0*09G 

90 

✓ 

o 

Urine 50 c.c. 

0*195 



Urine 50 c.c. + 0*1 mg. nicotinic acid + 0*1 mg. 1 
nicotinamide. 

0*3SS 

I 



Recovery 

i 

0*193 

97 


M. Swaminathan. 


421 


Table II — concld. 


4 

Experiment 

number. 

' Urines with and without added nicotinic acid and 
its amide. 

! Total 

nicotinic acid 
(mg.). 

Recovery, 
per cent. 

3 

Urine 50 c.e. 

0*314 

1 

j 


Urine 50 e.c. + 0*1 mg. nicotinic acid + 0*1 mg. 
nicotinamide. 

0*508 

j 

j 


Recovery 

[ 

0T94 

97 

4 

Urine 50 c.c. 

j 0*199 



Urine 50 c.c. ~f 0*25 mg. nicotinic acid + 0*25 mg. 
nicotinamide. 

0-715 

i 

| 


Recovery 

0*516 

! 103 

! 

5 

Urine 50 c.c. 

0*197 

| 

! 


Urine 50 c.c. + 0*25 mg. nicotinic acid + 0*25 mg. 
nicotinamide. 

0*750 



j 

Recovery . . . . . . . . 

0*553 

no 

6 

Urine 50 ml. 

1*210 



Urine 50 ml. -f 0*5 mg. nicotinic acid + 0*5 mg. 

nicotinamide. 

2*160 



Recovery 

0*950 

! 

95 


The excretion of nicotinic acid . — The present investigation was carried out on 
34 subjects, 10 laboratory workers and 24 hospital patients in Coonoor. The total 
nicotinic acid excreted was estimated in two 24-hour samples of urine before and 
after the ingestion of 100 mg. of nicotinic acid. This dose was chosen, because it 
was found to be very rarely associated with any unpleasant reactions (e.g., 
headache and flushing). Satisfactory response was obtained in preliminary trials 
in normal subjects. During the experimental period the hospital patients were 
on a diet of parboiled milled rice with approximately six ounces of vegetables and 
pulses daily, and containing no milk or flesh foods. This corresponds roughly ' 
with the diet consumed by the poorer classes in the district in which the 
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subjects were living. The normal controls consumed tlieir usual diets, avoiding 
the use of any vitamin preparations. 

Table III shows that subjects 1 to d, whose diets were basecf on whole 
wheat with liberal amounts of milk and/or flesh foods excreted on an average 
6 - 8 mg. of nicotinic acid daily and 27*9 mg. following the test dose of 100 mg. 
The same results are shown graphically in the Chart. Subjects 5 to 10, workers 
in the Laboratories, whose diets were based on milled rice with varying amounts . 
of milk, vegetables, and flesh foods, excreted on an average 3*2 mg. nicotinic 
acid daily and 19*7 mg. following the test dose. 

The first group of hospital patients included 5 cases of peripheral neuritis and 
3 cases of stomatitis, all of dietetic origin. The peripheral neuritis in these cases 
was due probably to vitamin-Bi deficiency occurring as a result of consuming a. 
diet chiefly composed of milled rice. Presumably such a diet is also partially 
deficient in nicotinic acid. The stomatitis cases were similar to those described 
by Aykroyd and Krishnan (193G) and in each case there was definite improve- 
ment on nicotinic-acid therapy. The average daily nicotinic-acid excretion in 
the urine was 1*15 mg. and 5*1 mg. following the test dose. 


Table III. 


Excretion of nicotinic acid before and after administration of test doses. 


Group and number. 

Diagnosis. 

1 

Initial 
excretion in 
24. hours 
(mg-). 

Response to a 
test dose of 
100 mg. in 

24 hours 
(mg-)- 

i 

I. Laboratory workers (normal 
subjects). 

i 



(a) Wheat-eaters : 

i 



1. K . L. S. 

.... i 

8-20 

37*85 

2. R. P. 

( 

.... ! 

8*8S 

2G*G7 

3. N. S. .. 

— 

5*13 

2G-94 

4. D. S. 

.... 

4*7G 

20-03 

Average 

.... 

6-77 

27-87 
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Table III — co ntd. 


Group and number. 

Diagnosis. 

Initial 
excretion in 
24 hours 
(rag.). 

Response to a 
test dose of 
100 mg. in 

24 hours 
(mg.). 

(b) Mice- caters : 




5. K. V. G. 

.... 

4-21 

18-22 

6. P. .. 

— 

4*12 

20*90 

7. B. .. 

.... 

3*44 

17*25 

8. B. M. M. 

— 

2-59 

26*15 

9. M. S. 

— 

2-46 

21-58 

10. S. M. 

— 

2-06 

14*06 

Aveeage 

— 

3*15 

~ * 

19*69 

II. Hospital patients. 




(a) With clinical conditions d'lte to 
dietary deficiency : 




11. L. .. 

Peripheral neuritis. 

0*91 

13-61 

12. A. .. 

rr >9 

1*21 

4-60 

13. th 

99 99 

1*24 

4-59 

14. K. .. 

99 9 f 

0*42 

4-05 

15. M, 

99 tf 

1*05 

2-97 

16. C. .. 

Stomatitis. 

2*20 

6-11 

17. P. .. 

99 

0*88 

1-86 

18, B. .. 

99 

1*32 

2-97 

! 

Ayebage 

— 

! 1*15 

j 

5*10 
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Table III — concld. 


Group and number. 

i 

I 

j Diagnosis. 

i 

i 

| . . _ 

Initial 
excretion in 
24 hours 
(M'g-)- 

Response to a 
test dose of 
100 mg. in 

24 hours 

(mg-)- 

(b) Without any clinical signs of 
dietary deficiency : 


. 


19. C. .. 

Injury to heel 

1-65 

10*63 

20. K. .. 

Injury to head 

1-09 

10*53 

21. Kn. .. 

Sprained ankle 

1-02 

6*93 

22. R. .. 

Ulcer on leg 

1-38 

G*52 

23. It. .. 

Injury to thigh 

MG 

2*0S 

24. V. 

Warts 

0*97 

1*88 

25. Va. .. 

Scabies 

2-00 

24*70 

26. I. .. 

Rheumatism 

0*90 

23-C9 

27. R. .. 


2-91 

1 15' 18 

28. S. .. .. X 

Syphilis 

1-92 

14*90 

29. An. .. 

Diarrhoea 

1-43 

10*61 

30. C. .. 


MS 

S*94 

31. H. .. 


0-70 

7*07 

32. R. .. 

Asthma 

0*71 

7*03 

33. A. .. 

Recovering from 

1*64 

5*03 

34. K. .. 

slight fever. 

Gastritis 

0*5S 

1*70 

Average 

— 

1*33 

9*S4 
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The other hospital patients were a miscellaneous group, suffering from condi- 
tions apparently unrelated to diet deficiency. It can be taken for granted that 
the diets consumed by this group previous to admission were defective in various 
respects, though perhaps a little better than those consumed by group I. The 

Chart. 



Excretion of nicotinic acid by various groups before and after a test dose of 

100 mg. nicotinic acid. 


average nicotinic-acid excretion in this group was T3 mg. daily and 9-9 mg 
following the test dose. ° 

‘ Saturation ’ experiments with nicotinic acid . — A further series of experiments 
was undertaken to study the point of ‘saturation’ with nicotinic acid in one 
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normal subject (M. S.) consuming a diet composed of rice, pulses, and vegetables, 
and including about 500 ml. of milk daily. A similar experiment was conducted 
for a shorter period. on a subject (M. C.) suffering from stomatitis, consuming a 
rice diet without milk. The results are set out in Table IV : — 


Table IV. 


Nicolinic acid ‘ ,<? (duration ’ experiments. 





! 

Excretion 

Name. 

Diagnosis. 

Days. 

! Dose 

J (mg-)- 

following 
test dose 

1 of 100 mg. 




1 

i 

} (mg-)- 

! 

i 

( 

! 

1 

t 

2-40 

\ 

! 

o 


2*74 

1 , 

< I 

| » 

3 

* • 

2*08 

1 

: .j 

4 

100 

| 21 -r.s 

I 

5 

100 

1 15-G0 

) 


G 

100 

21*59 


j 

7 

300 

10*28 


i 

i 

S 

100 

j 0-17 


j 

9 

100 

| 30*20 


! 

10 

j 

100 ' 

14-GS 

M.S. ... 

i 

i 

Normal \ 

11 

o 

© 

IMG 




12 

100 

9-S5 




13 

100 

9*53 




14 

100 

15*30 




15 

100 

9*59 




1G 

100 

15*30 




17 

100 

9*23 




18 

500 

G7*9G 




19 

25 

G*S2 




20 


3*04 




21 

. . 

2*37 



( 

22 

•• 

2*61 
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Table IY — conoid. 


Name. 

Diagnosis. 

Days. 

Dose 

(mg.). 

Excretion 
following 
test dose 
of 100 mg. 
(mg.). 



r | 

1 

• • j 

2*20 



i , 

2 

100 

6*11 




3 

200 

8*71 

M. C. . . 

Stomatitis 








4 

400 

10*38 


i 


5 

400 

10^25 



\ 

6 

400 

18*80 


The average initial excretion of the normal subject (M. S.) was 2-63 nig. daily. 
It may be roughly estimated that in the case of this subject the ordinary daily 
intake would be of the order of 20 mg., so that excretion represented about 12 per 
cent of intake. During the daily ingestion of 100 mg. for a period of 14 days, the 
urinary excretion ranged from 10 mg. to 21 mg., the average for the period being 
13'15 mg. On the 18th and 19th days, when 500 mg. and 25 mg. of nicotinic acid 
were taken, the urinary excretion was 67‘96 mg. and 6-82 mg. respectively. During 
the next 3 days, when the test doses were discontinued, the excretion fell to the 
low initial level, the fall taking place within 24 hours. It therefore appears that a 
fraction of the intake — about 13 per cent on the average— is excreted daily 
irrespective of the amount ingested and the period of administration. What 
happens to the larger fraction which is not excreted, and how much is converted 
into trigonellin, are problems for further study. 

The behaviour of the subject suffering from stomatitis as regards the excretion 
of nicotinic acid following the administration of test doses was different from that 
of the normal subject. Only 2 to 4 per cent of the ingested nicotinic acid was 
excreted in the period of 6 days. Clinically the patient showed rapid improvement 
following the administration of nicotinic acid, the mouth lesions almost disappearing 
within 4 days. 

Discussion. 

It will be seen from Table III that there was a wide individual variation in the 
initial levels of excretion of nicotinic acid in the 10 normal subjects investigated, 
the values ranging from 2 mg. to 8-9 mg., while the responses to the test doses varied 
from 12 to 29 per cent of the amounts ingested, due allowance being made for the 
initial excretion. 

In the group of hospital patients with clinical signs of diet deficiency, the 
average urinary excretion before and after the test dose was only 1T5 mg! and 
5*1 mg. respectively. In the other group, consisting of 16 patients without any 
clinical signs of dietary deficiency, though the initial level of excretion was low 
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the excretory response after the test dose was on the average 9*9 mg. The results 
suggest that the former group of patients was more deficient in nicotinic acid 
than the latter. 

Summary. 

1. An investigation of the urinary excretion of nicotinic acid lias been carried 
out by the cyanogen-bromide-aniline method. 

2. The average daily excretion in 4 groups consisting of wheat-eaters, 
laboratory workers consuming a fairly well-balanced diet based on rice, and 
hospital patients of the poorer classes with and without signs of deficiency 
disease, was determined, daily averages for these groups being G-77 mg., 3T5 mg., 
1T5 mg., and 1*33 mg., respectively. 

3. Urinary excretion in the above groups during a period of 24 hours after a 
test dose of 100 mg. nicotinic acid was 27'87 mg., lO’Gf) mg., 5*10 mg., and 9-84 
mg., respectively. 

4. The administration to a normal subject of 1,925 mg. over a period of 18 
days did not produce ‘ saturation excretion at all levels of intake being about 
12 per cent of the amount ingested. In a case suilcring from stomatitis the 
percentage of the intake excreted was of a much smaller order, in the region 
of 4 per cent. 
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INDIAN GOOSEBERRIES (PHYLLANTHUS EMBLICA LINN.) 
AS A SOURCE OE VITAMIN C. 


BY 
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{Nutrition Research Laboratories, I. R. F. A., Coonoor, S. India.) 


[Received for publication, June 30, 1939.] 


In a previous publication (Giri and Doctor, 1938), the results of an investigation 
of the vitamin-C potency of Indian gooseberries and its variation on drying were 
presented. It was pointed out that this fruit is the richest source of vitamin C 
among foodstuffs hitherto investigated. It contains about 7 mg. of vitamin C 
per g. of the fresh pulp. The powder obtained on drying the berries at room 
temperature was found to contain as much as 25 mg. of vitamin C per gramme 
Thus, the vitamin can be obtained in a concentrated form as dried powder for use 
when fresh berries are out of season. In general, however, vegetable materials 
and fruits lose their vitamin-C potency on drying and storage. It was, therefore 
thought desirable that the potency of the dried material should be confirmed by 
further tests. Since the chemical method of estimating vitamin-C content of 
foodstuffs is sometimes misleading, on account of the presence of substances other 
than vitamin C which also reduce the indophenol-dye, the results of chemical 
estimation of vitamin C should if possible be checked by biological tests. 

The present paper describes the biological determination of the vitamin-C content 
of Indian gooseberries, and the effect of storage and cooking on the vitamin C present. 


Indian synonyms for Indian 

Hindustani and Bengali . . 
Telugu 

Canarese 

Tamil 

Malayalam 

Guzarathi . . *. 

Arabian ... 

Persian 

Burmese 

Marathi 


gooseberry (Sheriff, 1869). 

. . Amla. 

. . Nelli-kayi, U sirike-Jcaya, 

Amalakam. 

. . Nelli-kayi. 

. . Nelli-kayi. 

■ ■ Amalakam, N elli-kaya. 

■ . Ambala. 

. . Amlaj. 

. . Amelah. 

• . Ziphiyu-si. 

. . Avala. 
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Biological assay. ' 

The antiscorbutic potency of an aqueous extract of dried gooseberry powder 
was determined by the usual method based on the weight increase of young guinea- 
pigs. The following diets (scorbutic diets A and B) formed the basal diets in these 
experiments. The composition of the diets is shown below : — 

Scorbutic did A. 

Per cent. 


Rice bran . . . . . . . . 45 

Crushed oats . . . . . . 25 

Skimmed milk powder . . . . 25 

Yeast . . . . . . 3 

Calcium carbonate . . . . 1 

Sodium chloride . . . . . . 1 


The composition of the diet is substantially the same as that of the scurvy- 
producing diet described by Reedman and McHenry (1938). 


Scorbutic diet B. 


Per cent. 


Crushed oats 
Skimmed milk powder 
Gingelly oil 
Dried yeast 
Sodium chloride 
Cod-liver oil 


G2 

30 

5 

1 

1 

1 


The composition of this diet is slightly different from that of scorbutic diet A 
described above. 


The preparation of an aqueous extract of vitamin C from Indian gooseberry 
poivder. — The extract was obtained by extracting 2 g. of the powder, the preparation 
of which is described elsewhere in the present paper, with 20 ml. of water and filtering 
it after standing for about 10 to 15 minutes. The clear yellow filtrate which 
contains the vitamin was used for the experiments, after suitable dilution with water, 
the concentration of vitamin C being 1 mg, per ml. of the solution. The vitamin 
content of the extract was determined by titration with indoplienol-dye, which 
was standardized against pure synthetic 1-ascorbic acid (B.D.H.). 

Two sets of experiments (A and B), each including three groups of young 
guinea-pigs, were set up. Each sub-group in experiment A contained six animals 
weighing about 190 g. to 200 g. The first group in experiment B contained six 
animals, and the second and third groups contained five animals in each. The 
following diets were given : — 

Experiment A. 

Group I. The scorbutic diet A alone. 

Group II. The scorbutic diet A 2 ml. of gooseberry extract containing 
1-9 to 2-0 mg. vitamin C, 



Body-weight in grammes. 
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Group III. The scorbutic diet A + 2 mg. of synthetic hascorbic acid. 

The acid was dissolved in water to a concentration of 2 mg. 
per ml. 

Experiment B. 

Group I. The scorbutic diet B alone. 

Group II. The scorbutic diet B -f 2 ml. gooseberry extract containing 
5 mg. vitamin C. 

Group III. The scorbutic diet B -f- 5 mg. synthetic 1-ascorbic acid. 

In addition each guinea-pig in experiment A was given 1 ml. cod-liver oil 
twice weekly by pipette into the back of its mouth. The animals were weighed 
twice a week. 

Chart 1. 



Time in days. 

Weight curves of groups on vitainin-C deficient diet (A) and the same diet supplemented by Indian 
gooseberry powder extract and synthetic 1-ascorbic acid. 


The average increase in weight during the period of the experiments is represen- 
ted in graph form in Charts 1 and 2. During the five week experimental period 
it was found to be 22 g. and 26 g. in groups A-II and A-III respectively 
and 123 g. and 170 g. in groups B-II and B-III respectively. 

J. MR 


10 


tco 



Body-weight in grammes. 
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All the animals receiving the scorbutic diet died within four weeks, while the 
animals in the other two groups survived. Post-mortem examination of the 
guinea-pigs receiving the unsupplemented diets revealed characteristic signs of 
scurvy, haemorrhages into the knee joints and adrenals. The other groups 


Chart 2. 



Time in days. 

Weight curves of groups on vitamin-C deficient diet (B) and on samo diet supplemented by 
Indian gooseberry powder extract nnd synthetic 1-nscorbie acid. 


showed no evidence of scurvy. Two animals in group B-TI, however, died of 
broncho-pneumonia within the first week of starting the experiment. 

The curative effect of gooseberry juice on animals fed on a scorbutic diet 
was next tried. One of the animals which showed typical signs of scurvy after 
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four weeks on tlie scorbutic diet was given 2 ml. daily of fresldy prepared 
gooseberry juice. The juice contained 9 mg. of vitamin C per ml. Signs of 
scurvy disappeared and the animal increased in weight. The growth curve 
of this animal is shown in Chart 2. 

The average increase in weight of animals given the gooseberry extract was 
slightly lower than that of animals given an equal amount of synthetic 1-ascorbic 
acid. This difference may, however, be considered to lie within the limits of the 
accuracy of the method. Further, on comparing the results obtained in the two 
sets of experiments, it may be noted that the average increase in weight of the 
animals 'is not proportional to the dose of the vitamin given. In this connection 
the views of Coward and Kessner (1936) with regard to the degree of accuracy 
obtainable by this method may be quoted. ‘ This test is more accurate when 
doses are chosen which just maintain weight in the guinea-pigs than when 
doses are chosen which bring about a large increase in weight. The dose 
which will bring about a mean increase in weight of 50 g. is only double the 
dose which will bring about a mean increase in weight of 10 g. Thus, there is 
a very narrow range of effective doses for a vitamin-C test ’. For all practical 
purposes, therefore, the reducing substance present in the fruits, as determined 
by the dye method, may be considered to be equivalent to vitamin C in anti- 
scorbutic properties, and in subsequent studies on the changes in the vitamin-C 
content of the fruits on storage and cooking it was considered justifiable to use 
the dye method for its estimation. 

The vitamin-C content of the tissues of the experimental guinea-pigs. — The 
vitamin-C content of the liver, kidney, and adrenals of the animals belonging 
to the various groups was determined chemically by titration with 
2 : 6-dichlorophenol indophenol. Tissues for examination were removed, weighed, 
ground with glass-powder in the presence of 5 per cent trichloracetic acid 
containing 1 per cent sodium pyrophosphate, extracted three limes with the 
acid- pyrophosphate mixture, centrifuged, and titrated with the dye. The addi- 
tion of pyrophosphate to trichloracetic acid protects the vitamin against oxida- 
tion during extraction (Giri and Doctor, loc. cit.). The pyrophosphate was 
prepared according to the method described in a previous communication 
(Giri, 1937). 

The vitamin-C contents of the liver, kidney, and adrenals of the experimental 
guinea-pigs in groups II and III were found to vary- between 0 - 096 mg. and 
0T83 mg., 0‘060mg. and 0T17 mg., and 0‘75 mg. and 1-3 mg., per g. respectively, 
while the corresponding average values for the tissues of scorbutic animals 
were < 0- 02 mg., 0'01 mg., and 0‘08 mg., per g. respectively. The vitamin was 
thus present in negligible amounts in the tissues of scorbutic animals. 

Method, of preparing powder from Indian 'gooseberries. — Drying is one of the 
methods used to preserve fruits for use out of season. Usually considerable loss 
of vitamin C occurs during the process of drying. The effect of drying on the 
vitamin-C content of gooseberries was investigated. The fruits were "minced into 
small pieces with the aid of a household scraper, and the fresh pulp thus obtained 
was spread into thin layers on enamelled trays and dried under an electric fan at 
room temperature (20°C. to 25°C.). The material can be dried in two davs. 
After complete drying it was finely powdered and stored in bottles with air-tight 
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stoppers. The influence of sun drying on the itamin-C potency of the material 
was also studied. The results arc presented in Table I : — 

Tabus T. 


Influence of drying on the vitnnnn-G content of Indian gooseberries. 



Vitamin C in mo. n:u 

300 o. 

Treatment. 

Sample No. I. 

Sample No. II. 

; Sample No. III. 

1, Froth pulp 

'I7:j 

OH 

080 

2. ,, „ (moisture free) 

2, *128 

2,000 | 

3,470 

3. Powder obtained by drying the fresh 
pulp in shade at room temperature. 

1,780 

i 

2,280 

| 

2,000 

4. Powder obtained by drying the fresh 
pulp in the sun. 

1 ,0.10 

l 

t 

1 1,840 

1 


Although there is some loss of 

vitamin C on 

drying under 

a fan at room 


temperature, the powder contains as much as 18 mg. to 2f> mg. of vitamin C 
per g. of the material. Sun drying was found to cause much greater losses of the 
vitamin. The losses were 20 and 30 to 40 per cent respectively. A concentrated 
preparation of the vitamin in the form of powder can be easily obtained from the 
fruits by the method described above. 

Variation in the mtamin-C content of (he dry powder on storage. — In view of the 
known tendency of some vitamin preparations to lose potency on storage, the 
powder obtained from gooseberries by sun drying was examined for its vitamin 
content during storage for varying periods at. different temperatures. The results 
are shown in Table II : — 


Tabus IT. 

Vitamin-G content of I ntlla n gooseberry powder on storage at different 

temperatures. 



Vitamin C 

IN MO. 1T.H 100 

n. or Tin: 

Period of 

sun- mm: i) powokk. 

storage in 

►Stored in 



clays. 

Stored at room 

Stored in 

refrigerator 

temperature. 

incubator at 


at 0°C. 

20°C\ to 25°U. 

37 °C. 

0 

i 

],:s 80 

1,380 

1,380 

42 

1,360 

| 3 ,050 

702 

302 

1,380 

050 

1 

357 
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The results show that the vitamin-C potency of the powder is not impaired 
after storage in a refrigerator for three months. The powder stored at room 
temperature (20°C. to 25°C.) was found to have lost about 30 per cent of 
the vitamin, while the sample kept at 37°C. in the incubator lost 74 per 
cent after three months’ storage. Thus, the vitamin contained in the powder 
is not very stable to temperatures higher than 25°C. 

The vitamin-0 content of the expressed juice. — Fresh fruits were minced 
with a household scraper and the juice was squeezed out of the pulp in a 
piece of cloth. The vitamin-C content of the expressed juice was determined 
by titration with the dye. The effect of storage of gooseberries as such in 
a refrigerator on the vitamin-C content of the juice was also investigated. The 
results are shown in Table III. The values per gooseberry given are based 
on the average of 5 or 6 gooseberries. Table IV shows the effect of storage 
on the juice itself. 


Table III. 

The effect of storage of gooseberries on the vitamin-C content of the juice. 


Period of 
storage 
at 0°C. 
in days. 

i 

Average 
weight i 
of one 
gooseberry, 
g- 

Average 
volume 
of juice 
obtained 
from one 
gooseberry, 
ml. 

Vitamin C 
per ml. 
of the 
juice, i 

mg. 1 

Vitamin C in 
the total 
volume of 
the juice 
obtained 
from one 
gooseberry, 
mg. 

i 

0 

I 

11*4 

4*7 

9*4 

44*2 

0 i 

11-5 | 

4*5 | 

S*S 

39*6 

G 

9*7 

4*0 

9*2 

v 36*8 

12 

8*8 

3*2 

9*0 

! 28*8 

17 

8*4 

3*0 

9*1 

27*3 

23 

7*8 

i 

2*8 

1 

8*8 

24*6 


Table IV. 

The vitamin-C content of the juice during storage at 0 o C. 


i 

Period of 
storage 
in days. 

Mg. of vitamin 

C in 1 ml. 
of the juice. 

0 

9*4 

• 3 

9*4 

G 

8*9 

12 

9*0 

26 

8*5 
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For purposes of comparison the vitamin-C potency of gooseberry juice together 
with that of other fruit juices commonly used in infant feeding is shown in Table V. 


Tablk V. 


Vitamin-0 content of various fruit juices. 


Juice. 

j 

Mg. of vitamin 

C in 1 ml. of the 
juice. 

Oranges 

i 

0*45 to 0*G2 

Lemons 

0*40 to 0*55 

i 

Grape fruits . . 

0*35 

Tomatoes . . . . 

0*22 to 0*31 

Indian gooseberries 

9*4 


The vitamin content per ml. of the juice does not vary on keeping the fruits at 
0°C. lot 23 days. The total volume and the total vitamin-C content of the juice 
obtained from one single fruit gradually decrease on storage (Table III). The 
vitamin-C potency of the juice is not impaired on storage at 0°C. for a period of one 
month (Table IV). Table Y demonstrates the richness of the juice obtained from 
Indian gooseberries, 1 ml. of the juice being equivalent to about 20 ml. of orange 
juice, lime juice, or tomato juice. 


Other methods of preserving Indian gooseberries . — In addition to drying and 
preserving the fruits in powder form, which seems very practicable and useful, 
several other methods of storage were investigated. 

. Pickling .— -The process of pickling, which is much in vogue in Indian homes, 
is employed for preserving fruits for use when fresh ones are out of season. 
Various methods are followed with the gooseberry. 


(а) Preset nation in concentrated salt solution. — One of the methods generally 
employed is to soak the fruits in concentrated salt solution, after keeping them in 
boiled hot water for about 10 minutes to soften them. It is claimed that the 
fruits can be preserved in this way for nearly three to four months, provided 
they are frequently exposed to the sun. Fresh gooseberries were washed well 
with water and soaked m boiled hot water for about 10 minutes. The excess 
o wa er was removed, leaving just enough to immerse them completely. 
Common salt in the proportion 1 : 4 was added, and after it was completely 
dissolved the flints, together with the salt solution, were stored in a glass 
vessel. I he fiuits were occasionally exposed to the sun. The results ot 
vitamin-C analysis of the preserved gooseberries are presented in Table YL 
The values per gooseberry are based on the average of 5 to 6 berries. 

(б) The other method used is to boil or steam the berries in hot water, and 
fry them m oil with the final addition of chillie powder and common salt. 
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This method was tried and found to have destroyed the vitamin to a consider- 
able extent (Table VI). Berries so treated were found to contain after four 
days’ storage about 1 mg. of vitamin C per g. of the pulp, and the total 
vitamin C in one single berry amounted to 4-5 mg., while the fresh untreated 
berries contained 6-8 mg. per g. of the pulp, and 57T mg. in the whole fruit. 


Table VI. 


Vitamin- C content oj gooseberries 'preserved, in various ways. 


Material and method of 
preparation. 

Period of 
storage 
in days. 

Weight of 
one goose- 
berry, g. 

Weight of 
fresh pulp 
from one 
gooseberry, 

rr 

o* 

J Vitamin C 

j per g. of the 
i fresh pulp, 
mg. 

Vitamin C 
contained 
in the whole 
fruit, 

' rag. 

Fresh fruits (sample A) without 
treatment. 

•• 

9-5 

S-4 

1 

# 

6*S 

57*1 

The same fruits (sample A) pre- 
served by soaking in concen- 
trated salt solution. 

37 

11-3 1 

10*3 

2-8 

i 

28*8 

The same fruits (sample A) pre- 
served by soaking in concen- 
trated salt solution. 

57 

11 3 

9*9 

3-2 

31*5 

Fresh fruits (sample B) pre- 
served by soaking in concen- 
trated salt solution. 

32 

S*$ 

7-6 

i 

2-9 

22*0 

Fresh fruits (sample C) pickled 
b} 7 boiling in water and frying 
in oil with the addition of 
chi Hie powder and salt. 

4 

6*1 

4*6 

1 

0*96 

i 

4*5 


Gooseberries preserved in concentrated salt solution thus retain more 
vitamin C after storage for about two months than berries preserved by other 
methods. In this connection the observation of Hoyyaard and Rasmussen 
(193S), that sodium chloride inhibits the oxidation of vitamin C, is suggestive. 
Although the salt-preserved gooseberries lost after two months’ storage about 
50 per cent of their vitamin C reckoned on fresh weight basis, the total 
quantity of the vitamin present in one fruit amounted to about 28 mg. This 
amount, according to present estimates, is sufficient to cover human daily 
requirements. 


Discussion. 

There is at present little satisfactory information about the prevalence of 
vitamin-C sub-nutrition in India. But surveys have shown that the consump- 
tion of fruits and vegetables by most classes in the population is small and it is 
possible that the intake of additional vitamin C would result in an improvement 
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in health. The existence of a cheap and easily available source of the vitamin, 
as described in the present paper, is therefore of considerable importance. 

Indian gooseberries are the richest source of vitamin C among the Indian 
foodstuffs so far analysed. Damodaran and Sreenivasan (1935) have shown by 
the usual chemical methods that the berries contain 4T3 mg. of vitamin C per g. 
of the fresh material. Gin and Doctor (Joe. cil.) found, by following their modified 
method of extracting the vitamin in presence of pyrophosphate, that the fresh 
pulp of the berries contains about 7-2 mg. of vitamin C per g. Later, Spruyt (1938) 
investigated the vitamin-C content of fruits by the ferment method with the 
aid of ascoibic-acid oxidase prepared from drumstick, and found that Indian goose- 
berries contain 5’4 mg. of ascorbic acid per g. fruit. The Indian gooseberry, is 
perhaps the cheapest natural soutcc of vitamin C so far discovered, and from the 
economic standpoint the wider use of this fruit is feasible and desirable. While the 
vitamin-C content of fruits and vegetables is generally seriously impaired on drying 
and storage, gooseberries may retain the vitamin in considerable quantity after 
treatment in various ways and storage for several months. They may therefore 
be valuable as a source of the vitamin when fresh berries and many fresh 
fruits are out of season, or when they are not within the easy reach of the poor. 
The processes of drying and preservation described above are very easy and 
simple, and they can be followed in homes for preserving the berries. An aqueous 
extract of the vitamin can be prepared from the powder, by adding water and 
pressing out the extract in a cloth or by filtration through a suitable filter. The 
powder can be used as it is by mixing with other food materials like curd to make it 
more palatable. 

In infant feeding . — Since milk is not a good source of vitamin C. orange juice, 
lime juice, and tomato juice are often recommended for infants and young children, 
particularly artificially fed babies. These fruits are sometimes expensive and not 
available all the year round. Infants are often given one to two spoonfuls (30 ml.) 
of orange juice daily. This amount of juice provides about 7 mg. to 15 mg. of 
vitamin C, which is said to he the normal requirement for children per day. 
The cost of oranges in India is relatively high and Indian gooseberries are a useful 
cheap alternative. The feeding of infants with about 2 ml. of the juice, which is 
equivalent to about 30 ml. of orange juice in its vitamin content (18 mg.), may. he 
advocated. It is found that 3 ml. to 4*5 ml. of juice can be obtained from 
one single fruit and 1 ml. of the juice contains about 9 mg. of vitamin C 
(Table III). Thus, one gooseberry a day is more than ample for feeding infants 
with enough vitamin C. The juice can be prepared by straining the pulp in 
a cloth. It is best given diluted and sweetened with either honey or sugar. 
The vitamin contained in the juice is quite stable and the juice can be preserved 
for considerable period without any loss of the vitamin. 


Summary. 

1. The antiscorbutic potency of Indian gooseberries (Phyllanthns cmblicct 
Linn.), which chemical investigation had previously shown to be the richest source 
of vitamin C among Indian foodstuffs, rvas determined by the biological method 
based on the weight increase of guinea-pigs, and the reducing substance present in 
the berries was shown to possess the biological activity of vitamin C. 
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2. Various methods of preserving the berries in dry powder form and in a 
fresh state, and the stability of the vitamin under such conditions of preservation, 
were investigated. 

3. ’ The practical use of Indian gooseberries as a dietary source of vitamin C 
for adults and in infant feeding is discussed. 
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The surveys about to be described were carried out on 3 groups : (1) village 
f amili es in tbe district of Dinajpore, North Bengal ; (2) families working on tea 
estates in tbe Jorebaut district of Upper Assam ; (3) Marwari families in Calcutta. 
Tbe surveys lasted for a period of approximately three weeks, information about 
food intake being collected by daily house-to-house visits. 

The Dinajpore district is a typical district of North Bengal. The survey in 
this area- was carried out in J anuary-F ebruary. The families studied, included 
both villagers who owned and tilled their own lands and also poorer families 
working on the farms of others as daily labourers in addition to tending their 
own plots. The latter receive in return for their labour some portion of the 
food crops or small wages. 

The Assam group included labourers of various kinds employed on tea estates 
receiving weekly wages amounting to Rs. 2 to Rs. 3 per adult male or female and 
12 annas to Re. 1 per child. Dree huts are provided by the estates and often small 
plots of cultivable land are available for the labourers. The plots are usually 
employed for growing vegetables. The diet survey was carried out in March and 
April. The results of a similar survey previously made in this area have already 
been published (Wilson and Mitra, 1938). 

The survey in Calcutta was carried out in June and was confined to Marwaris. 
The Marwari community, which is vegetarian by habit, is mainly engaged in busi- 
ness and the professions. The incomes of the families investigated ranged from 
Rs. 100 to about Rs. 1,000 per month. This group included only 7 families. 

Children belonging to the families surveyed and others belonging to families 
of similar status were weighed and measured and their dynamometer grip readings 
were taken. The dynamometer figures are those on the graduated scale of the 
instrument (Down Bros., Ltd., London) and correspond roughly to the weight of 
as many pounds, e.g., a reading of 10 in the scale can be produced by squeezing 
the instrument by a weight of 10 lb. The A.C.H. index of nutrition was applied 
to groups of children aged 7 to 12 in the different areas. The incidence of various 
diseases and conditions, the majority of which are usually ascribed to dietary 

( m ) 
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causes, such as angular stomatitis, phrynoderma, gross caries, malocclusion of teeth, 
enlarged tonsils, xerophthalmia, and Bitot’s spots was determined. 

Some of the records in the diet survey and the examination of children were 
found to be unsatisfactory or incomplete and were rejected. In Dinajpore the 
records relating to the dietary intake of 40 Hindu families were worked up. Satis- 
factory examination of 1,294 children were carried out ; these belonged to both 
Hindu and Mohammedan communities distributed over about 35 villages. Simi- 
larly, in Jorehaut records of 35 families were analysed and 1,096 children distri- 
buted over about hall a dozen tea gardens wore examined, while at Calcutta 
satisfactory records of 7 Marwari families were obtained and some 300 Marwari 
children examined. 

The majority of children was both weighed and measured and examined to 
record the incidence ot the conditions previously mentioned. In a small propor- 
tion of cases, however, either measurements or examinations were omitted so that, 
the total numbers as stated above do not precisely correspond with those given in 
the tables. 

In working out the results of the diet survey, the usual technique of the 
Coonoor Laboratories was followed (Aykroyd and Ivrishnan, 1037/'/). Tables of 
food values given in Health Bulletin No. 23 (1937) were employed. 


Analysis of diets. 

Intake per consumption unit of the following was calculated ; total protein, 
animal protein, total fat, animal fat, carbohydrate, total calories, percentage of 
calories from cereals, calcium and phosphorus. An attempt was also made to esti- 
mate the intake of flavine and vitamin B G . Table I shows mean intakes of protein, 
in the three groups of families, with the range of intake in the case of each factor. 

Mean calorie intake was fairly high in groups 1 and 3 (the latter consisting of 
Marwaris of sedentary occupations) ; it was in excess of that recorded by Aykroyd 
and Krishnan (1937a), in the case of South Indian village families (2,400). The 
mean intake of group 2 was somewhat lower. 

Mean protein intake was not far below the standard usually recommended, 
but the amount of animal protein consumed was small. In the case of the 
Marwaris in Calcutta, the sources of animal protein were milk or milk prepara- 
tions, as the Marwaris usually do not take fish, meat, or eggs. Intake of 
vegetable fat was low and that of animal fat almost negligible in Dinajpore 
and Jorehaut. The Marwaris, in contrast, use ghee (clarified butter) for cooking 
purposes and thus consume a good deal of animal fat. Calcium intake was 
considerably below Sherman’s standard in Dinajpore and Jorehaut but 
reached this standard in the Marwari families. 

Intake of iron per consumption unit per day was calculated to be about 25 mg. 
in Dinajpore, 28 mg. in Jorehaut, and 31 mg. among the Calcutta Marwaris. The 
figures are based on the data given in Health Bulletin No. 23. It must, however, 
be remembered that the iron content of foodstuffs is extremely variable, and that 
the results of the analyses of foodstuffs grown in one part of the country may not 
be applicable in other areas (Ranganathan, 19386). Calculated on the basis of 
Ranganathan’s (1938a) figures, the diet of the Jorehaut (Assam) group was found 



Intake of protein, etc., per consumption unit per day. 
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Calcium (g.) . . . . 0-22 0-07 to 1-00 0-27 0-12 to 0-78 0-69 0-45 to 1*14 

Phosphorus (g.) .. .. 2-24 1*10 to 3-30 1*77 1-05 to 3‘36 1-78 1-44 to 2-07 
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to contain only 7 mg. of available iron. Napier and Das Gupta (1037) observed 
that out of 100 cases of anaemia in Jorebaut studied by them, practically all were 
cases of the microcytic-hypochromic, iron-deficiency type. 

Intake of phosphorus was high in groups 1 and 2 ; this was due to the high 
proportion of rice, home-pounded or milled, which the diets contained; that of 
calcium, on the other hand, was low. Mean calcium-phosphorus ratios were calcu- 
lated to be about 1 : 10 (Dinajpore) and 1 : 7 (Jorehaut). Among the Marwaris 
at Calcutta, however, intakes of calcium and phosphorus were both ‘ up to stand- 
ard ’, with a calcium : phosphorus ratio ] : 3, owing to the habit of taking milk and 
atta (whole wheat). 

The diets of groups 1 and 2 contained only very small quantities of vitamin A. 
It was calculated that the amount of carotene consumed would on the average 
supply less than 500 International Units of vitamin A per day in group 1 and about 
1.500 I.U. in group 2. The diets of group 3, however, supplied daily about 500 
I.U. of vitamin A, and sufficient carotene to furnish about 4,000 I.U. in addition. 
Vitamin-Bi intake in all three groups was probably adequate. The Bengal group 
consumed only home-pounded parboiled rice as the chief staple, while the Assam 
group consumed both milled and home-pounded parboiled rice. The staple food- 
stuff of the Marwaris was atta (whole wheat), consumed in the form of brown 
bread. Yitamin-Bj intake was calculated to be about 800 I.U. per consumption 
unit per day in group 1, about 700 I.U. in group 2, and about 1,000 I.U. in 
group 3. 

Using the results of Wilson and Hoy (103S) an attempt was made to estimate 
roughly intake of flavine and vitamin By. Mean intake of the former was estimated 
to be about 1*3 mg., M mg., and 0-7 mg. and that of the latter about 400, 300. and 
300 rat units in the three groups, respectively. 

The composition of the diet, as regards foodstuffs was verv similar in Dinajpore 
and Jorehaut. The families surveyed in these areas consumed similar meals con- 
sisting of home-pounded or milled rice, dlml, vegetables, and small fish. A few 
consumed milk and goat’s meat. In Jorehaut, the Dorns (a sub-caste of depressed 
class Hindus) consumed fresh beef occasionally, while dry fish and dry beef were 
also included in the diet in small quantities. Average intake of the more important 
foodstuffs per consumption unit per day was as follows : 


* 

Group 1 
(Dinajpoic), 

07 , . 

Group 2 
(Jorebaut), 

07 . , 

Parboiled rice 

25' 0 

19 4 

Pulses 

(home-pounded) 

0*4 

(mostly milled) 
0*9 

Non-leafy vegetables . . 

7*0 

4*4 

Leafy vegetables 

0*2 

0*8 

Pisli, eggs, and meat . . 

0*7 

0*7 

Mustard oil 

0*3 

0*3 
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In Binajpore, rice was generally pounded in small quantities at a time, to last 
for 3 or 4 days, from the paddy stored in the house and no milled rice was used. 
The commonest varieties of pulses used were lentils, green gram (PJiaseolus radiatus), 
and black gram ( Phaseolus nvungo). Of the non-leafy vegetables, brinjal ( Solanum 
melongena) and potato were commonly eaten ; other vegetables were pumpkin 
(Cucurbita maxima ), calabash cucumber ( Lagenaria vulgaris), and green plantains. 
The amount of leafy vegetables consumed was very small. Mustard oil was 
extracted from the seeds by the old-type village wooden mills and appeared to be 
pure. 

In Jorehaut, the rice was parboiled and mostly milled ; very little home-pounded 
rice was used. Lentils and red gram ( Cajanus indicus ) were the pulses mainly 
taken. Of the non-leafy vegetables, brinjal and potato were the usual varieties, 
as in Binajpore ; other vegetables were pumpkin, calabash cucumber, green plan- 
tains, bitter gourd ( Momordica charantia), cauliflower, tamarind, and tomatoes. 
Amaranth ( Amaranthus gangeticus ) and drumstick (Moringa oleifera), with small 
amounts of cabbage, were the usual leafy vegetables. Some of the workers were 
accustomed to spend a portion of their earnings on crude alcoholic drinks. 

In group 3, the Marwaris in Calcutta, average intake of the chief foodstuffs 
per consumption unit per day was as follows : — 


Oz. 

Rice . . . . . . . . 3-0 

Atta (brown bread) . . . . . . 10'3 

Pulses . . . . . . . . 2-4 

FTon-leafy vegetables . . . . . . 6‘2 

Leafy vegetables . . . . . . 0T 

Milk and milk preparations .. .. 11 -7 

Ghee (clarified butter) . . . . . . 2 - 0 

Fruits . . . . . . . . 3T 

Sugar . . . . . . . . 0-6 


Brown bread was the usual staple diet. A small quantity of parboiled or raw 
rather highly milled, rice was also taken. The usual pulses used were Bengal oram 
(Cicer arietimm), red gram, green gram, black gram (in the form of papads), and 
occasionally peas. Lentils, commonly consumed in Binajpore or Jorehaut were 
not seen in any Marwari house. Many varieties of locally available non-leafy 
vegetables were consumed. In addition, it is the custom among Marwari families 
in Calcutta to import some dried vegetables, resembling French beans, from their 
native districts in Rajputana. Leafy vegetables were not much consumed • onlv 
small amounts of amaranth leaves and mint were included in the diet. Milk and 
curds, with some sugar, usually formed a part of each meal and the intake of milk 
and milk products was fairly high. Fruits included mango, banana, pine-apple 
apple, grapes, peaches, tree tomatoes (CypJ/omandra betacea), water melon miavas’ 
oranges, etc. ’ 6 ’ 


Survey of school children. 


. . The height, weight and dynamometer grip of the children examined 
different areas, and the incidence of various clinical conditions observed 


in the 
among 
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them, are shown in Tables TI to V. In recording the presence of caries, probe 
and mirror were not used and only caries which could easily be seen on rapid 
inspection was noted. ‘ Malocclusion ’ of teeth in the present investigation, 
means one or more of the following conditions (illustrated in Plate XVIII, 
figs. 1, 2, and 3) in the upper or lower jaw (Nicholls. 193C> ; Wilson and 
Mitra, loc. cit .) : (a) t lie teeth were grossly rotated about (heir axes (Fig. 1); 
(b) the teeth were unduly pushed forward with overlapping of crowns, due 
to overcrowding, the lateral incisors having erupted behind the central incisors 
in many instances (Fig. 2) ; (e) gaps were present between incisors (Fig. 3). 
Enlargement of tonsils was recorded only when such enlargement was visible 
on asking the child to open the mouth widely and protrude the tongue without 
using a tongue depressor. 

The frequency of gross caries was very constant throughout, the groups, being 
in the neighbourhood of 20 per cent. Malocclusion of teeth was more frequent in 
the Calcutta group. In groups 1 and 2 enlarged tonsils appeared to be somewhat 
more common among girls. The Calcutta boys showed a higher incidence than 
boys in rural Bengal and Assam. 

The incidence of xerophthalmia and Bitot's spots in Dinnjpore was smaller 
than that observed in Jorehaut and in a previous survey in Assam (Wilson and 
Mitra, loc. cil.). Fewer cases wore recorded among the girls than among the boys. 
A fair number of cases of angular stomatitis was, however, encountered in Dinnjpore. 
The incidence of pbrynodermn in Assam and Dinnjpore was lower than that 
recorded in South Indian schools and hostels (Aykroyd and Bajagopnl. 1936; 
Aykroyd and Krishna.!!, 1937b) though the skin was dry and rough in many 
cases. No definite case of angular stomatitis, phrynoderma or Bitot’s spots was 
seen among the Manvaris ; this was in agreement with the results of previous surveys 
in Calcutta (Wilson, Ahmad and Mitra, 1937 ; Wilson and Mitra, loc. cit.). 

It is interesting to observe that the boys in group 1 (Dinajpore) had a definite 
advantage as regards average weight over those in group 2 (Assam) : the weights of 
the former corresponded closely with those of the comparatively well-nourished 
group of Marwari boys in Calcutta. The weight averages of children belonging 
to the same age groups, obtained in a previous investigation (Wilson and Mitra, 
loc. cit.) were of a similar order. Similarly, the girls in group 1 were on the 
average superior in weight to those in group 2. The boys in group 1 had higher 
average weights than those recorded in various groups measured in South India, 
which included children of the poorer class in three towns (Aykroyd and 
Bajagopal, loc. cil.) and a group of village children in the Mayanur district of 
the Madras Presidency (Aykroyd and Krislman, 1937b). The' recorded age of 
children of the poorer classes in India is often inaccurate, but this probably 
does not greatly influence the trend of mean weight and height averages in 
various groups, since errors tend to cancel each other out. 

As regards average height, the boys in rural Bengal and the Calcutta group 
had an appreciable advantage over the children in the Assam group. 

The comparatively good physical development of children in the districts of 
rural Bengal in which surveys have been made may perhaps be ascribed to the fact 
that in ordinary circumstances the main ingredient in the diet is freshly prepared 
home-pounded parboiled rice, consumed in fairly abundant quantities. 



Plate XVIII. 
Malocclusion of teeth . 



Fig. 1.— Rotation of upper right lateral incisor. Fig. 2. — Lower left lateral incisor erupting 

behind central incisors. 



Fig. 3.— Overcrowding of lower incisors and 
gaps between upper lateral incisors 
and central incisors. 
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Table III. 


Height , weight, and dynamometer grip of children in Jorchaul , 

Assam (group 2). 


Age 

group. 

Number weighed 
and measured. 

Height (inches). 

Weight (mi.). 

J Dynamometer grif. 

Boys. 1 

Girls. 

i 

i 

Boys. 

Girls. 

Boys. 

| Girls. 

! 

Boys. 

Girls. 

5 

15 

1 

« 

34 -G 

34*9 

| 24*4 

i 

1 25-3 

4*5 

4*0 

C 

41 

29 

j 

38*4 

J 

37*5 

| 30*1 

t 

i 28*4 

! 

7*7 

5*3 

7 

85 

! co 

i 

41*8 

| 41*3 

1 34*5 

33*1 

10*3 

8*5 

8 

74 

48 

44*3 

43*7 

39*1 

[ 37*0 

13*4 

11*4 

0 

48 

j 35 

1 ! 

4G*1 

I 44*9 

, 41*0 

i 

40*4 

15*0 

14*0 

10 

42 

27 ! 

[ 

40-8 1 

40*7 

1 -12 -It 

42*5 

17*4 

14*5 

11 

03 

j 51 

48*1 

10*7 

40*0 

43*8 

j 18*7 

10*0 

12 

179 

! 129 

51-3 

51*3 

53*8 

53*7 

; 22*0 

20*5 

! 

13 1 

28 

10 

54*2 

52*0 

02*5 

50*7 j 

j 28*2 

22*0 

14 

23 

13 

i 

i 

55*8 t 

53*9 

00*2 

04*3 

30*9 

27*8 

15 

10 

10 i 

57*4 

55* l 

75*0 

00*4 

3W 

! 27*1 

16 

25 

11 j 

58*0 

50*0 

78*0 

; G9*3 

3G-S 

27*0 


Table IV. 


Height, weight , and dynamometer grig of Marwnri hoys in 
Calcutta (group 3). 


Ago j 
group. 

Number 
weighed and 
measured. 

Height. 

(inches). 

Weight 

(ib.). 

Dynamometer 

grip. 

7 

14 

44*7 

41-0 

22*7 

8 

17 j 

4G-5 

45-2 

24*2 

9 

14 

49*0 

50*2 

23*0 

10 

48 

50*9 

54*9 

24*6 

11 

09 

53*3 

G2*l 

25*3 

12 

79 

53*8 j 

64*3 

25*7 

13 

36 

57*2 

75*7 

27*4 

14 

22 

58*9 

85*9 

28*4 
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The A.C.TI. index.— Selection by the index was found to be high in groups 1 
and 2, in which the percentages selected were d 2*4 and 534 respectively. These 
are higher percentages than any previously recorded in investigations in India. 
In the Calcutta group the percentage was only 44 per cent. 

A number of emaciated children, 71 boys and 18 girls, were selected in 
Dinajpore, and their A.C.1I. indices determined ; it was found that of these 
39 per cent in the case of the boys and 44 per cent in the case of the girls 
were not selected, while, on the other hand, among the children selected by the 
index there were some who appeared to be healthy and of good physique. It 
seems questionable whether the A.C.H. index can be applied with success to 
Bengalee children, though Aykroyd. Madlmva and Rajagopal (1938) found it 
a useful supplementary method of assessing state of nutrition in South India. 
The fact that it failed to select a higher percentage of emaciated children does 
not, however, altogether invalidate its use since it was never intended by its 
originators to be applied to such children. 


Summary. 

1. A diet survey has been carried out of 40 agricultural families in the 
district of Dinajpore (Bengal), 35 labouring class families in the district of Jorehaut 
(Assam), and 7 well-to-do Marwari families in Calcutta. 

2. The height and weight measurements of about one thousand children 
belonging to these families and others of similar economic status in each of the 
three different areas were taken. Records were obtained of dynamometer grip 
and of the incidence of angular stomatitis, phry noderma, xerophthalmia, etc. The 
A.C.H. index was applied to children in the age group 7 to 12. 

3. On the whole, the state of nutrition of the children in Dinajpore and at 
Calcutta was fairly satisfactory. The lower height and weight averages in the 
various age groups among the Jorehaut children, as compared with those deter- 
mined in the other groups, probably indicate a poor state of nutrition. 
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The diet surveys described in this paper were carried out in the Puri district 
of Orissa Province in the months of January and February ' 1938. The 
surveys lasted from 7 to 10 days and the total number of families investigated 
was 33, comprising 163 individuals. These have been divided into the following 
three groups : — 

I. A relatively well-to-do urban group of domiciled Bengalees. 

II. Labourers, fishermen, etc., living in Puri town. 

III. A rural group including : — 

(a) families free from leprosy, and 

( b ) families in the same area containing one or more members 

suffering from leprosy, and at the time of the investigation 
under treatment for the disease at local hospitals and 
dispensaries. 

The diets consumed by the various groups are described in terms of foodstuffs in 
Table I and in terms of food factors in Table II. The usual technique was followed 
(Aykroyd and Krislman, 1937a). Table I also includes the results of a survey in 
the Cuttack district of Orissa carried out in collaboration with Dr. D. C. Wilson, 
the full report of which has not yet been published. 

The diets included very small amounts of various condiments. In group I the 
consumption of sugar was about 0-6 oz. per consumption unit per day ; intake of 
sugar in the other groups was negligible. Only a few families in the entire 
group _ consumed fruit in small quantities once or twice during the period of 
investigation. ‘ l 
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Table I. 


Principal foodstuffs consumed by the various groups (oz. per consumption 

unit per day). 


1 

1 

Foodstuffs. i 

1 

('attack. j 

i 

Group I 
(Puri). 

j 

Group IJ | 
(Puri). 

i 

! i 

! Group Til (a) 
j (Puri). 

I 

Group 111 (b) 
(Puri). 

Total cor on Is 

■ ; 

i 

f 

18*0 

i 

17*0 

1 

i 

24*0 

(one family 
used at In). 

! 

; 21*1 

A tin (whole wheat flour) 

0*0 

2*0 

j 

.. 

•• 

, 

Rice 

1S*0 

(parboiled 

undormjlled). 

I 

1 

10*0 j 

(largely 1 
parboiled ! 

home- 1 
pounded). 

17*0 

(largely 

parboiled 

milled). 

1 

1 

24*0 

(j)arbnilod 

home- 

pounded). 

j 

» 21*1 
(parboiled 
home- 
pounded 
and milled). 

Pulses 

1 

1*0 

Hi 

i 

j 0‘!) 

: 1 

O'!) 

! 

0*0 

Roots and tubers 

3*3 

2-!l 

1 

(1*3 

t 

1*0 

0*0 

Leafy (green) vegetables 

1*4 

| 2-0 

1 

0*0 

! 0*3 

0*4 

Other vegetables 

2*5 

! r>- 8 

1*0 

! 0*1 

f>*l 

Milk and milk products 

0*3 

0*5 ! 

1 .. 1 

1 

(one family 
used milk). 

•• 

Fish and meat 

0*0 

IT) 

1 

1*4 

0*0 

0*1 

I 

Clarified butter (ghee) 

•• 

0*2 

•• 

. . 

•* 

Vegetable oil 


0*0 

0*2 

0*1 

0*1 

Nuts and oil seeds 

•• 

i 

0*1 

0*2 

0*1 

•* 


Analysis of the diet. 

Mean, calorie intake was fairly adequate in group 1 and in group ITT (a) though 
the figures are lower than those recorded in the case of village families of Dnlhi 
Province (Shourie, 1939). In groups II and III ( b ) caloric intake was low. H' e 
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mean protein intake in all groups was not much below the usual standards recom- 
mended. The diets of groups I, II, and III (a) contained animal proteins derived 
from milk and fish in group I, and mostly from fish in groups II and III (a). 
Group III ( b ) consumed almost negligible amounts of animal protein ; one 
family onfy consumed a small amount of fish on two occasions. The intake of 
animal protein in all groups was less than the intake usually recommended, and 
there was graded drop from group I to group III (b). 

Intake of total fat was low in all the groups and there was a gradual fall 
from group I to group III (6). Animal fat in groups II, III («), and III (6) was 
negligible and was the least in group III (b). Clarified butler (ghee) was used to a 
very small extent by group 1. Calcium intake was up to Sherman’s standard in 
group I, but below in the other groups. The phosphorus content of the diet was 
high, due to the high consumption of parboiled rice — home-pounded or milled. 
The calcium : phosphorus ratio of these groups, as worked out from the mean 
figures, is as follows : — 


Group I 
Group II 
Group III (a) 
Group III (b) 


1 to 3 
] to 5 
1 to 8 
1 to 9 


Iron intake per unit per day varied from a mean of 28-7 for group I, 23-4 for 
group II, and 2S - 0 and 24-0 for groups III («) and III (b), respectively. Carotene 
and vitamin-A content was maximum in group I and least in group i'll (b). 

The majority of families consumed either home-pounded parboiled or parboiled 
rice machine-milled to a moderate degree. There appears to be little beri-beri in 
these districts. The most important pulse in the diets was green gram ( Phaseohts 
radiahis). Dhal arhar (Cajamis iiulicus) was also commonly consumed, though 
in smaller quantities. 

The most important leafy vegetable was amaranth (Amaranthis gangetims) 
and the most important non-leafy vegetable brinjal ( Sola mnn melongcnu). A greater 
variety of vegetables was consumed by the Cuttack group and the domiciled 
Bengalees (group I). Cabbages, cauliflowers, and tomatoes were sometimes taken 
by these groups during the period of survey. 

Intake of meat was almost negligible, but fish in small quantities was con- 
sumed by the majority of families in most of the groups. Except in the case of 
group I, milk and milk products were for practical purposes absent from the diet. 
As regards vegetable fats, the oil most commonly used in this part of India is rape 
oil ; this was consumed in very small quantities. 


Diet and leprosy. 

According to the Report of the Public Health Commissioner with the Govern- 
ment of India (1930), a leprosy survey carried out in nine divisions of the Puri 
district revealed 3,825 cases. In the Public Health Commissioner’s Report for 
1931 and 1936 Puri district is included among the regions in which the incidence of 
leprosy is high. 
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The Public Health Commissioner (1930) suggests that the distribution of 
leprosy is influenced by the following factors : — 

{a) The soil. When the soil is poor and vegetable and fodder crops do 
not thrive, and cereal crops are apt to fail, a high incidence of leprosy 
occurs. 

(b) Leprosy is common in areas in which vegetables and milk products are not 
consumed in adequate quantities. 

The above conditions are present in most parts of Orissa. 

McCarrison (1936) in his Cantor Lectures pointed out that an association 
may exist between leprosy and malnutrition. Aykroyd and Krishnan (1939) 
carried out a diet survey of 14 families in a suburb of Madras, 13 of which contained 
cases of leprosy ; they found that the diet consumed was deficient in quantity 
and quality. 

The present survey provides some support for the hypothesis that malnutrition 
is a factor influencing the susceptibility of populations to leprosy. The families 
containing cases of leprosy included in the present survey consumed a deficient 
diet and were somewhat worse off in this respect than the other groups. It is 
noteworthy that in the leprosy group the percentage of total calories obtained 
from rice was the highest. 


State of nutrition. 

A. survey of children was carried out in the districts of Cuttack and Puri 
m Orissa Province. The methods of Aykroyd and Rajagopal (1936) in South 
India were followed. In both places rural and urban children were examined 
for height, weight, A.C.H. measurements, and conditions associated with 
deficient intake of protective foods, i.e., phrynoderma, stomatitis, and Bitot’s 
spots. The incidence of gross dental caries and malocclusion of teeth was 
also studied. 


In the Cuttack district 561 children aged 5 to 14 (470 boys and 90 girls) were 
examined ; children of all classes were included, but the great majority belonged 
to poorer class families consuming a diet resembling that shown in Table I In 
the Puri district the examinations covered 837 children of the same age grouns 697 
boys and 140 gUs. The social status of the children was much the Smfas ?hat of 
the children in the Cuttack group Of the 837 children 402 were resident in Puri 
town and 435 m the rural area of Khurda ; the diets consumed by the majority of 
these children corresponded roughly to those of groups II and III (a) respectively 
Por recording weight a spring ba ance was used, the accuracy of which was tested 
from time to time by placing known weights on the balance. Children were 
weighed with shirts and dhoties without shoes. Height was recorded without 
shoes. Ages were obtained from the school records; their accuracy cannot 

trass's set ” based on e “ aade b ? «• £ 

are 1 shown 1 graphically! ^ ° f COmpanson - In Charts 1 and 2 these figures 
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* Shouric (1939), j* Nutrition Research Laboratories. 



Weight in pounds. Height in inches. 
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Age in years. 

Height- age averages of boys in Orissa and other parts of India. 



Age in years. 

Weight-age averages of boys in Orissa and other parts of India. 
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Table IV shows the incidence of phrynoderma, stomatitis, and Bitot’s spots 
in children in the various areas. The incidence was remarkably high. In 
Table V the relation between the presence of deficiency disease and selection by 
the A.C.H. index is shown, while Table VI gives the incidence of gross dental 
caries and malocclusion of teeth respectively. 

Table IV. 


The incidence of certain deficiency diseases in the various groups. 
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i 
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O rA 
tC 5 

1? A 

O •A 
tO o 

l* ^2 
© 

O t* 

to o 


O ~5 

to 3 


u 

a 

I i 
» 1 

Number 

signs. 
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o ~ 
o a 
[ *-> x 
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a n 
*2 £ 

p 
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! sM 
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fc 02 
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C 53 
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u x 

1 

! u 
o . 

rj ^ 

So 

— CL 
>5 ® 

4» .2 

gs 

O 5j 

L K 


oGl 

209 

i 

1 :S7-2 

f 

I I4f* 

j 


02 

10*4 

29 

5*2 

Puri town 

402 

101 

! -10-0 

} 

l 

1 

1 88 


01 

22*G ! 

2G 

6*5 

Khurda sub' 

434 

187 

1 43i 

10G 

24*4 

135 

81*2 

2G 

6*0 

division. 



1 

i 

• 






Table V. 

The relation between deficiency diseases and selection by the A.C.H. 1 Index 

(boys between 7 and 12). 
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£ 

Li 

© 

fa 

S g 

G t 

u 

o 

1 fa 

t 5 

fc * 

i d *r 

I 

fa 

Cuttack 

1 

349 

136 

36*0 

j ' 

138 

G9 

50 

207 

1 

G7 

32-0 

Puri town . . 

280 

99 

35*0 

114 

53 1 

47 

1GG 

4G 

; 

22’0 

Khurda sub- 

251 

) 

75 

29*9 

139 

i 

} 52 

37 

112 

23 

21-0 

division. 


i 




i 


Totals 

880 

300 

34*0 

391 ' 

174 

45 

4S5 

136 

2S'0 
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Table VI. 


The incidence of gross dental caries and malocclusion. 






Cuttack. 



PtJRI TOWN. 

i 

1 Khukpa sub-division. 




'd 

to 

.9 

9 

c3 

to 

s 

t-Q 

a 

to 

.9 

£ 

o . 

rC3 CfJ 
cn to 

r, 

to to 

an 

as 

^ Q> 

Percentage. 

Number examined. 

Number showing 
gross caries. 

Percentage. 

1 

s 

1 

1 M 
to 

I u 

to 

rO 

1 l 

Number showing 
gross caries. 

Percentage. 

i 

CQ 1 

[ 

Boys 

• 470 

179 

3S-1 

346 

; 120 

34*7 

345 

147 

42*6 


1 

i 










a i 

l 

Girls ; 

90 

33 

35-0 

50 

i 

16 

32*2 

i 

90 

i 

l 34 i 

37-7 

Malocclusion. 



[ 

~~ ! 

Boys 

316 

' I 

Number I 
showing j 
mal- 
occlusion. 

181 

67’2 

216 

Number 

showing 

mal- 

occlusion. 

i 

' 149 

1 

68*9 

136 

Number 

showing 

mal- 

occlusion. 

94 

69*1 


9 to 14 
only. 




i 


i 

i 

< 





In examining tlxe children for dental decay, probe and mirror were not used 
so that the figures represent only the incidence of gross caries. ‘ Malocclusion ’ 
in the present connection means that the children showed one or more of the follow- 
ing conditions * — 

Upper jaw : — 

(a) Teeth crowded with overlapping of crowns. 

(b) Teeth rotated about axes. 

(c) Large gap between incisors (central or lateral). 

(d) Incisor protruding in the shape of a fan. 

(e) Lateral incisors erupted behind central incisors. 

(j) Other irregularities. 

Lower jaw : — 

( g ) Teeth crowded with overlapping of crowns. 

(h) Rotation about axes. 

(i) Lateral incisors eruption behind central incisors. 

(j) Other irregularities. 
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Discussion. 

The percentage incidence of stomatitis, Bitot’s spots, and phrynoderma was 
high in the children examined, and this is an indication of the prevalence of mal- 
nutrition. The incidence is higher than that recorded by Aykroyd and Krishnan 
(19376) in village children in the Madras Presidency and by Mitra (1939) in 
rural Bengal and Assam. The type of diet consumed in Orissa, as revealed by the 
present investigation, is not very different from that of families in Madras, Bengal, 
and Assam studied in the surveys mentioned. It is therefore somewhat difficult 
to explain the higher incidence of deficiency disease in the Orissa children. The 
difference, however, is only one of degree ; the conditions mentioned were observed 
in the surveys carried out by Aykroyd and Krishnan (19376) and Mitra ( loc . cit.). 
It appears that in many parts of India the incidence of stomatitis and phrynoderma 
varies with season, a fact which is presumably related to seasonal changes in diet. 
Possibly the investigation in Orissa was carried out at the season of greatest 
prevalence. 

The survey shows that malnutrition is extremely prevalent and severe in this 
part of India. It may be mentioned that ankylostomiasis and malaria are also 
very prevalent in Orissa. Many of the children examined had enlarged spleens ; 
the high incidence of ankylostomiasis was confirmed by jail authorities. There may 
be a relation between the frequency of deficiency disease in school children and the 
high incidence of malaria and hookworm. 

Aykroyd, Madhava and Rajagopal (1938) observed a close relation between 
the presence of deficiency disease and selection by the A.C.H. index. In the Orissa 
children there was some correlation, since there was a higher percentage of selected 
cases among children with deficiency diseases than among children free from such 
diseases, nevertheless, the fact that a large proportion of children showing signs 
were not selected, and vice versa, suggests that the index cannot be recommended 
for practical use in this part of India. It is perhaps scarcely to lie expected that 
any single morphological index would be suitable for application throughout a 
country in which there is such diversity of race and body build. 

Average height in the various age groups of boys in Orissa was found to be very 
similar to that of boys in other parts of India. As regards weight, they were on 
the average heavier at all ages than the South Indian children weighed in previous 
investigations carried out by the Laboratories. The North Indian groups, investi- 
gated by Shourie (loc. cit.), consumed a diet based on wheat and containing milk in 
reasonable quantities which appears to be of considerably higher nutritive value 
than the Orissa diets. The diets of the Madrassi children, the majority of whom 
were rice-eaters, closely resembled the diets consumed in Orissa. Further accu- 
mulation of data is necessary to throw light on the relation between the height and 
weight of Indian children, diet, and other factors including race. 


Summary. 

1. The diets of groups of families living in the Cuttack and Puri districts of 
Orissa Province have been studied. One of the groups consisted of families con- 
taining cases of leprosy. 
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2. The diets of the majority of families consisted mainly of parboiled rice 
with vegetables and fish and vegetable oil in small quantities. Intake of milk and 
milk products in all the groups except one was negligible. The diet of the families 
with cases of leprosy was particularly deficient in protective foods. 

3. The incidence of signs of deficiency disease : stomatitis, xerophthalmia, 
and phrynoderma, was high in children attending schools in Ihe districts con- 
cerned. 
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Harris and liis colleagues (Harris and Leong, 193G ; Harris, Leong and 
Ungley, 1938) have published extensive data on the vitamin-Bi excretion of 
individuals under different conditions. They have shown that the daily output 
of this vitamin varies with the dietary intake and the response to a test dose 
is graded according to the past dietary history of the individual. These 
authors concluded that the determination of the level of excretion of this 
vitamin in the urine together with the study of the degree of response to a 
test dose furnishes a reliable estimate of the state of vitamin-Bx nutrition of the 
individual. In order to find out if common Indian diets are able to supply the 
vitamin-Bi requirements adequately, we have investigated the vitamin-Bi excre- 
tion of four healthy subjects living on typical Indian diets. The special interest 
of the investigation lay in the fact that these subjects belonged to different parts 
of India and lived on diets typical of those areas. In addition to their normal 
diets the effect of certain modifications to the diets was also studied. 

The following is a brief description of the average normal diets of the four 
subjects : — 

( i ) B. A., Punjab. 

Wheat atta as chapati 4 oz. ; mutton, curried with vegetables 4 oz. ; toasted brown 
bread 3 oz. ; eggs, fried or in puddings 3 oz. ; milk as such, curd or curd shake 8 oz. ; 
butter 1 oz. ; ghee 2 oz. ; vegetables in curries S oz. ; fruit 6 oz. ; sugar as sweets, jams 
or puddings 2 oz.; tea, etc. 

This diet contains 1,425 /^g. vitamin B 1 (47 5 International Units) and 2,300 calories. 

{it) R. G. G., East Bengal. 

Rice half-milled, boiled 5 oz. ; rice fried 1 oz. ; white bread 2 oz. ; milk 8 oz. ; lentils, 
as curry with boiled rice 2 oz. ; fish, fried or curried 4 oz. ; vegetables in curries 
6 oz. ; mustard oil in vegetable or fish curries 2 oz. ; butter 4 oz. : sugar 2 oz. : 
tea, etc. 

This diet furnishes 1,350 pg. of vitamin B, (450 International Units) and 2,260 calories. 

( 465 ) 
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{in) G. R., West Bengal. 

Rice half-milled, boiled 4 oz. ; white bread 2 oz. ; wheat atta as chapati 2 oz. ; wheat 
flour as luehi 2 oz. ; eggs 2 oz, ; fish, fried or curried 4 oz. ; dhal 2 oz. ; vegetables 
in curries 4 oz. ; fruits 2 oz. ; sugar as sweets 2 oz. ; mustard oil 2 oz. ; chutnis ; 
tea, etc. 

This diet furnishes 1,275 gg. of vitamin Bj (425 International Units) and 2,200 calorics. 

(??>) B. G., United Provinces. 

Rice homo-pounded, boiled 11 oz. ; dhal in curries 4 oz. ; mustard oil 2 oz. ; vegetables 
4 oz. ; sugar 2 oz. ; tea, etc. 

This diet furnishes 1,200 fig. of vitamin B x (400 International Units) and 2,450 calories. 

The essential differences in these diets consist of (a) the hind of cereal 
consumed, wheat atta being the cereal of the Punjabi diet and rice of the 
Bengalee and the U.P. diets ; (b) the chief source of protein is meat in the 
Punjabi diet, fish and dhal in the Bengalee diet, in addition to milk in each case ; 
(c) ghee is used for all cooking in the Punjabi diet, and mustard oil in the 
Bengalee diet. Subjects (i), [ii), and (Hi) belonged to the same economic class, 
while subject (iv) was from a lower one both socially and economically. 

Twenty-four-hour samples of urine were obtained and vitamin Bj was re- 
covered by adsorption at pH 3-0 on Lloyds’ reagent according to the technique 
used by Harris and Leong ( loc . oil.). The assay of vitamin Bj was made by 
the rat-growth method. Graded doses of the dried samples of activated Lloyds 
reagent were fed to animals which had stopped growing and were just beginning 
to fall in weight on an otherwise complete but vitamin-B r free diet. The 

animals used were from a well-controlled breeding stock and controls were used 
with each test. The control animals used showed an average of 10 g. weekly 
growth response on feeding 10 mg. of the International Standard vitamin-Bi 
preparation. At least two animals were used to test each dose. The results 
are expressed in ^,g. of vitamin Bj, the International Units obtained from 
biological tests being converted to //g. according to the relationship : 1 Inter- 
national Unit = 3 ;xg. 

The average daily excretion of vitamin Bj of the four subjects when living on 
their normal diets is shown in Table I. The output in all the four subjects is over 
84 /xg. (28 International Units) and in one ease it is as high as 228 /xg. 

(96 International Units) per day. The output is approximately G*9 to 19-0 

per cent of the intake. According to the standard proposed b} r Harris and 

Leong (loc. cit.) all the four subjects should be in excellent nutritional condition 
with respect of vitamin Bj. 


TAnLfi T. 


Subject. 

Weight. 

Age. 

Approximate 
daily intake 
of the vitamin 
(Mg-)- 

Total volume 
of urine 
excreted 
(ml.). 

Total daily 
output of the 
vitamin 
(Mg-). 

Output as 
percentage 
of the intake. 

B. A. 

fit. lb. 

13—7 | 

: ^5 

1,425 

1 

84*0 

5*0 

R. C. G. 

8-4 | 

28 

1,350 



0*9 

G.R. 

9-G 1 

20 

1,275 


114*0 

8*0 

B.G. 

8-0 

J 

58 

1 

1,200 

■ 

228*0 

19*0 
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The subjects then changed to a low vitamin-Bj diet. Home-pounded and half- 
milled rice was replaced by polished rice and atta by white flour. Vegetables were 
somewhat reduced but the calorie value of the diet was maintained. The subjects 
remained on this low vitamin-Bj diet for three days before the assays of the 
output in the urine were started. The results arc summarized in Table II. 
There was a striking fall in the vitamin-Bi excretion, the daily output being 
only 25-5 /xg. to 36 - 0 /xg. (8 - 5 to 12-0 International Units) which represents 
3-1 to 5’7 per cent of the total intake. 


Table II. 


Subject. 

1 

Day of 
experiment. 

Approximate 
daily intake 
of the vitamin 
(/xg.). 

Total volume 
of urine 
excreted 
(ml.). 

Total daily 
output of the 
vitamin 

(/Xg .). 

Output as 
percentage 
of the intake. 



1 

GOO 

. . 

. . 

. . 



2 

GOO 



• t 

B. A. 


3 

GOO 

•• 

• • 




4 

GOO 

750 

25*5 

4-25 



5 

GOO 

748 

27*0 

4*50 



1 

G45 



. • 



2 

G45 


* * 

. - 

R. C. G, 


3 

G45 

• • i 

! 

.. 

i 



4 

G45 

1,000 

33*6 

j 5-20 


L 

5 

i 

G45 

1,500 

36*0 

j 5-58 



1 

S40 

i 

. . 

1 . . 



2 

840 




G. R. 






1 



3 

840 

! 

*• 

) 



4 

840 

1,G00 

26*1 

3-10 



1 

588 


m # 




2 

588 


i 


B. G. ..J 




j 





3 

588 

•* 

• • i 

, . 


. 

4 

5S8 

2,040 

33*G 

5*70 


From the low vitamin-B, diet the subjects again changed to their normal diet 
and m addition took supplements of vitamin Bj 600 jig. to 1,200 /xg. (200 to 400 
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International Units) per day in the form of tablets of clay activated by adsorption 
from a concentrate of rice polish extract. The results of this experiment are 
shown in Table III : — 


Table III. 


Subject. 

Day of 
experiment. 

. Total intake of 

T HE VITAMIN. 

Total volume 
of urine 
oxcrctcd 
(ml.). 

Total daily 
output of 
the vitamin 
(Mg-). 

i 

Output as 
percentage of 
the intake. 

i 

1 

^ In food 
(Mg-)- 

As supple- 
ment 
(Mg-)- 



1 

i 

1,425 

+ 

GOO 


1 




2 

1,425 ! 

i 

4- 

GOO 

7G0 

54'0 

2*00 

B. A. .. < 


3 

1,425 

+ 

GOO 

1 705 

08-4 

3*37 



4 

1,425 

+ 

1,200 

, 1,200 | 

78-0 ! 

2*07 


■ 

5 

1,425 

+ 

0 

1,250 

29-7 

2*08 


r 

1 

1,350 * 

+ 

GOO 

1 

, , 

, , 

R. C. G. - 


2 

1,350 

+ 

GOO 

1,500 

45-0 

2*30 



3 

1,350 

+ 

GOO 1 

1,500 

| 

120-0 

0*30 

i 



1 

1,275 1 

+ 

GOO 




G. B. .. ■ 







j 




2 

1,275 

+ 

GOO 

1,700 

l 

08*4 

3*04 


It will be noticed that low intakes of vitamin B] for only 5 to G days 
had appreciably depleted the tissues and the output of the subjects could not 
reach the normal level until 3 to 4 days after maintaining them on a vitamin-B r 
rich diet. In one of the subjects (B. A.) the output rapidly declined when the 
vitamin supplement was stopped. 

These results are in agreement with the observations of Harris and his 
colleagues. The amount of vitamin Bj excreted in the urine depends upon the 
dietary intake and the previous dietary history of the subject. It represents 
however a small percentage of the total intake. When the intake is low, the 
percentage excretion is lower than that on a high vitamin intake. This might be 
a physiological adjustment on the part of the organism to conserve the stores in 
the face of a declining supply. The daily output of these subjects was higher 
than the output of normal persons at Cambridge reported by Harris. The 
ingestion of large amounts of vitamin Bi had a marked diuretic effect in subject 
B. A. (Table III). J 
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Since the diet of a large proportion of the population in India contains excessive 
amounts of carbohydrates, it was decided to investigate the effect on vitamin-Bx 
output of a high carbohydrate and a high fat diet. A preliminary experiment by 
one of the subjects (R. C. 6.) by inclusion in his diet of one pound of tapioca per 
day showed a marked decline in vitamin-Bx excretion, while the ingestion of large 
amounts of butter somewhat tended to increase the output. 

Summary. 

The urinary excretion of vitamin B] by four healthy subjects living on 
different Indian diets has been studied. Their normal daily output was found to 
be 84*0 ng. to 228 fig. (28 to 96 International Units) which represented 5*9 to 
19*0 per cent of the intake. 

A change in the diet for six days resulting in lower intakes of vitamin Bj, 
considerably reduced the daily output, and the normal level of excretion was not 
reached until 3 to 4 days after returning to a normal vitamin-Bi-rich diet includ- 
ing supplements of 600 pg. to 1,200 jig. (200 to 400 International Units) of 
vitamin Bj. 

The ingestion of large doses of vitamin Bi produced a marked diuretic effect 
in one of the subjects. 


REFERENCES. 


Harris and Leokq (1930) . . Lancet, 1 , p. S8G. 

Harris, Leong and Unqley (1938) . . Ibid., 1, p. 539. 




hid. Jour. Med, lies., 27, 2, October, 193D. 


STUDIES IN HUMAN METABOLISM. 

Part II. 

CALCIUM AND PHOSPHORUS METABOLISM IN INDIANS ON 
RICE AND ON WHEAT DIETS. 


BY 

K. P. BASU, d.sc., pIi.d., 
M. N. BASAK, m.sc., 


AND 


B. C. RAI SIRCAR, m.sc. 

(An Inquiry under Lite Indian Research Fund Association.) 
( From the Biochemical Laboratory, Dacca University.) 


[Received for publication, June 23, 1939.] 


Diet surveys in a number of countries have revealed that average diets tend 
to show deficiency of calcium in terms of the standard advocated Iby Sherman 
(1920a). In general, where average or typical diets are concerned, a deficiency of 
calcium is more likely to occur than deficiency of any other mineral element. In 
India, cereals like rice and wheat usually constitute the bulk of the dietary and 
except in certain areas, milk does not enter largely into the diet (Wright 1937)’ 
In such circumstances the question of calcium intake and its -adequacy assumes 
an even greater importance. 1 ^ 


No metabolism studies designed to throw light on the calcium and phosphorus 
requirements of Indians have hitherto been carried out, and it remains uncertain 
whether the standards advocated by Sherman (1920a) and Leitch (1937) which 
are based on observations in Europe and America, are fully applicable in countries 
in which the diet ,s largely vegetarian and contains a piepoiderance of ceSs 
The problem of calcium and phosphorus metabolism in huian beings consuming 
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such diets requires separate investigation. In this connection reference must he 
made to Mellanby’s {1921, 1925) observation that a high cereal diet had a deleterious 
effect upon the calcification of the bones and teeth in dogs and rats. The greater 
the proportion of cereal in the diet, the greater was the degree of rickets produced 
in Mellanby’s experiments. Some cereals appeared to cause more severe rickets 
than others ; these differences appeared to have no relation to the calcium or 
phosphorus content of the cereals. These observations of Mellanby were later 
confirmed by Holst (1927), Green and Mellanby (1928), and Thomas and 
Steenbock (1936) on rats and dogs. Although cereals form an important part 
of the diet of the human race, mineral metabolism experiments in human 
beings with cereals are surprisingly limited in number. Burton (1929) studied 
the influence of two cereals, wheat and oat, upon the retention of calcium and 
phosphorus in children and adults. 

Deficiency of phosphorus appears less likely to occur in India than deficiency 
of calcium. Cereals and pulses contain fair amounts of phosphorus and the total 
phosphorus content of a largely cereal diet may satisfy the Sherman (19206) main- 
tenance requirement. Reference should be, however, made to the work of Bruce 
and Callow (1934) who suggested that the rachitogenic action of cereals might be 
due to the relatively high proportion of phytin phosphorus (40 to 64 per cent of the 
total phosphorus) which the cereals contain. They found that phytin phosphorus 
was not well absorbed by the rat and McCance and Widdowson (1935) observed 
that phytin was not well absorbed from human intestine, 36 to 63 per cent being 
excreted unchanged in the fseces. According to Bruce and Callow the so-called 
anticalcifying action of cereals may be due to the fact that the phytin present 
lowers the availability of calcium by binding it as a calcium salt which is at least 
as insoluble as calcium phosphate. Pulses also contain as high a percentage of 
phytin as cereals. 

Poor vegetarians in India derive their calcium and phosphorus mostly from 
cereals and vegetables and not relatively inconsiderable amounts from the drinking 
water. There is no general agreement on the extent to which vegetable calcium 
is assimilated by living beings. Blatherwick and Long (1922) feeding cabbage, 
celery, spinach, and similar vegetables, and Rose (1920) experimenting with carrots ' 
found that calcium from vegetables was quite equal to milk calcium in the degree 
to which it was utilized in human adult maintenance. On the other hand Sherman 
and Hawley (1922) found that in children the calcium of milk was more efficiently 
utilized than vegetable calcium ; Boas (1926) and Fincke and Sherman (1935) 
reported that spinach fed to rats was not favourable to calcium retention. 
McClugage and Mendel (1918) found that calcium of spinach and carrots was poorly 
assimilated by dogs. 

The object of the present investigation was to determine the calcium and 
phosphorus requirements of Indians as suggested by balance studies on Indian 
subjects. Calcium and phosphorus retention when the amounts of rice or wheat 
in the diet were gradually increased and the difference in the retention of these 
minerals when either cereal formed the main item of the diet were also studied. 
The experimental diets were vegetarian and contained varying amounts of 
parboiled milled rice or whole wheat (atta). In addition they included vegetables 
(200 g.), pulse (25 g.), fat (25 g. butter-fat and mustard oil), and 100 g. sugar ; 
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these supplements provided small and constant amounts of calcium and 
phosphorus. The energy value of all diets was kept constant by incorporating 
nitrogen-free sago which contains very little calcium and phosphorus. Milk 
was omitted from all the diets except one. 

Experimental. 

The experiments were conducted on three healthy young men, G. C. N. (19 
years) and S. N. D. (24 years) each weighing 49 kilo, and B. C. R. S. (22 years) — 
one of the authors— weighing 54 kilo. S. N. D. and G. C. N. came from very poor 
village families and had lived on diets typical of those consumed by poor villagers. 
They lived with, and were kept under the strict supervision of one of the authors 
(M. N. B.). They realized the importance of the investigations and co-operated 
whole-heartedly in the work. 

The composition and the calcium and phosphorus contents of the diets (as 
determined by us) are indicated in the tables. One type of cereal only was used 
during one series of experiments. The experimental subject was first given the 
diet containing the smallest amount of cereal ; the quantity of cereal was then 
gradually increased keeping the total amount of food and its calorific value 
constant. Thus, diet I containing the lowest amount of cereal, was taken for 
six days, then without break diet II, and then diet III, both for six days. 
The experimental subject then took diet III for a further period of six days and 
then returned to diet II and then to diet I. One series of experiments with 
rice or wheat on one experimental subject thus lasted 36 days. In each series 
of experiments the cereal and the pulse were taken from the same stock every 
day, and aliquots of vegetables taken daily were pooled for analysis. The 
experimental subjects were given carefully weighed diets which they consumed 
in toto. The calcium content of drinking water was determined and taken into 
consideration. 

Eor each diet, which was taken for six days, urine and faeces excreted on the 
last three days only were quantitatively collected, the first three days being consi- 
dered as a preliminary period to avoid any effect produced by the previous diet. 
Urine was collected quantitatively for 24-hour periods and preserved with toluene 
to which some chloroform solution of thymol was added. The total volume of 
urine excreted each day was noted and then made up to a suitable volume for 
estimation. In order to be sure that the collection of urine was complete, the 
amount of creatinine eliminated daily was estimated and found to be uniformly 
constant. The faeces for the three days were collected together since the daily 
dry weight of the faeces was found to vary considerably. Faeces were marked 
by carmine. These were preserved with a small quantity of glacial acetic acid, 
dried over a, water-bath with frequent addition of alcohol, thoroughly powdered, 
weighed, and preserved in the refrigerator in stoppered bottles. 

The calcium in faeces and foodstuffs was determined by McCruddeh’s method 
(1911-1 2) and in urine by the method of Shohl and Pedley (1922). The phosphorus 
in urine and faeces was estimated by titration with uranium acetate according to 
Pincus (1859) and Malot (1887). 6 

The experimental results are set out in Tables I to IX. 
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Discussion. 

Maintenance requirement of calcium and phosphorus . — Maintenance require- 
ments of these elements can be deduced from the total amount excreted when the 
subject is just in a state of' ‘ balance ’. Sherman assumed that when output of 
calcium and phosphorus in any given experiment equals or nearly equals intake 
the output is a measure of requirements. If, with a given intake, there is a net loss 
of these elements from the body, intake is inadequate and requirements correspond 
to the sum of intake and loss. If, on the other hand, retention of the elements 
occurs, intake is considered to be in excess, and requirements correspond to intake 
minus the amounts retained. These assumptions are open to the objection that 
the results arrived at will to a considerable extent depend on the range of intake 
and by extending the range in one or other direction can be raised or lowered at 
will. If, however, we consider only those experiments as denoting requirements 
in which intake and output are nearly the same, we can make a reasonable 
assessment of requirements. Figures relating to the subjects at the points at 
which calcium and phosphorus balance was nearly attained are summarized 
in Table VII. 

Mean calcium requirements, based on the above assumptions, re-calculated 
in terms of an adult of 70 kilo body-weight, are as follows : 0-226 g. (G. C. N.), 
0-571 g. (S. N. D.) and 0 301 g. (B. C. R. S.) on rice diets and 0-226 g. (G. C. N.) 
and 0-661 g. (S. N. D.) on atta diets. The mean of all these results is 0-383 g. In 
all 28 experiments were performed on three individuals and the maintenance 
requirement has been calculated from 24 experiments in which calcium balance was 
nearly obtained. In 97 experiments Sherman (19206) found daily calcium outputs 
ranging from 0-27 g. to 0 - 82 g. per 70 kilo body-weight with an average value of 

0- 45 g. Leitcli (loc. cit.) has calculated calcium requirements from 400 metabolism 
records of non-pregnant non-lactating women by a graphical method. She finds 
a calcium requirement of 0-55 g. daily but the application of Sherman’s method 
of calculation to the data utilized by her gives the value 0-415 g. 

Of our three experimental subjects, G. C. N. comes from a poor family and in 
his case retention of calcium at low intakes may indicate that the skeleton was 
partly depleted of calcium before the investigation began ; Kottcnsten (1938) has 
shown that retention may be more efficient in such circumstances. Kelly and 
Henderson (1929-30) also found retention at low intakes in the case of negro prisoners 
in Africa. On the other hand, B. C. R. S., who also shows at a low calcium 
requirement, is a University graduate, comes from an upper middle-class family, 
had no history of malnutrition and is very healthy. 

As regards, phosphorus, the average maintenance requirements, calculated in 
the same way, were as follows per 70 kilo : 1-063 g. (G. C. N.) and 1-091 g. (S. N. D.) 
on rice diets and 0-810 g. (G. (J. N.) and 1-041 (S. N. D.) on wheat diets. In the 
case of B. C. R. S., the intake of phosphorus on the rice diets was rather high so 
that a considerable retention took place, and the output was higher than one would 
expect near balance point. If the phosphorus requirement is calculated from 
output with these high intakes, B. C. R. S. shows a phosphorus requirement of 

1- 417 g. per 70 kilo. The mean phosphorus requirement based on the average 
values obtained in 13 experiments in which balance was nearly obtained in two 
individuals works out at 1-001 g. for an adult weighing 70 kilo. If the requirements 
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of B. C. R. S. calculated from positive balance data be taken into consideration, 
the average requirement becomes 1-084 g. Sherman (19206) has presented data 
relating to 95 phosphorus metabolism experiments performed on a number of 
individuals ; he found that phosphorus outputs ranged from a minimum of 0-52 
to a maximum of 1-20 g. with an average of 0-88 g. of phosphorus per 70 kilo of 
body-weight per day. Experimenting with 10 male subjects aged 32 to 70 years, 
Owen (1939) found a phosphorus requirement of 1 -20 g. per day, a value also 
reported by Orr and Clark (1930). * 

The availability oj calchnn and phosphorus in rice and wheat . — Wheat contains 
about twice as much calcium and phosphorus as rice. Sago which replaced wheat 
and rice weight for weight in the diets containing lower amounts of cereal contains 
about as much calcium as rice and very little phosphorus. Tlius, as intake of rice 
increased the total intake of calcium remained practically constant, while the per- 
centage of calcium derived from rice increased. Intake of phosphorus, on the other 
hand, increased as more rice was consumed. With the wheat diets intake of both 
calcium and phosphorus, as well as the percentage of either derived from wheat, 
rose as the amount of wheat in the diets increased. On the rice diets G. C. N. 
showed a lower retention of calcium as the amount of rice in the diets was increased 
and a positive calcium balance at low intakes became a negative balance when GOO g. 
of rice was consumed; this roughly corresponds to the amount present in a typical 
poor rice-eaters’ diet. S. N. D. was in negative calcium balance at all levels of rice 
intake but the net loss gradually increased with increase in the level of rice intake. 
It is thus quite obvious that rice is not only poor in calcium but that its calcium is 
also poorly utilized. On a typical middle-class Bengalee rice diet containing fish, 
B. C. R. S. was in positive calcium balance ; the large intake of calcium in drinking 
water, which was derived from a tube-well, may have influenced the result. Increase 
in the intake of wheat increased retention of calcium, and on a wheat diet roughly 
corresponding to that consumed by wheat-eaters of the poorer classes, G. C. N. 
was in positive and S. N. D. in slightly negative balance. The fact that for the 
same intake of calcium G. C. N. was in positive calcium balance at lower levels 
of rice intake and in negative balance at higher levels is probably to be explained 
by the change in Ca/P ratio from 1/3-9 to 1/6-8. At the same unfavourable ratio 
of Ca/P (1/6-2) the experimental subject was in positive calcium balance on wheat 
diets because at the same ratio the levels of calcium and phosphorus intake were 
higher. Shohl (1936) observed that with rats as the levels of calcium and 
phosphorus in the diet increased at a given Ca/P ratio, both serum calcium and 
phosphorus and the percentage of bone ash increased and rickets and tetany 
diminished. The toxamin of Mellanby (1921, 1925) is probably not responsible 
for the negative calcium balance on rice diet for, according to the experiments of 
Mellanby (19*37) himself, while maize and oat cause a very great deformity in the 
rib bones of rats and, therefore, contain appreciable amounts of the anticalcifying 
toxamin, rats fed on wheat or rice showed no bone deformity. * ° 

Rice and atta are rich in phosphorus and typical rice or atta diets (600 g rice 
or atta),. even without the addition of any milk, maintain the experimental 
subjects in phosphorus balance. 1 

The Ca/P ratio in both the rice and atta vegetarian diets containing 600 j? of 
cereal, which correspond roughly to those consumed by poor wheat and rice-eaters 
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is about — an unsatisfactory ratio. The level of calcium intake is also low ; in this 
respect the wheat diet has the advantage and is to be preferred. Basu and Basalc 
(1939) have shown that an average wheat diet contains about 74 g. protein, while 
an average rice diet contains only 54 g. The replacement of at least a part of the 
rice in the rice-eaters’ diet by wheat is greatly to be desired. It is a welcome sign 
that middle-class people of Bengal and South India, two of the most important 
rice-eating parts of India, are gradually tending to consume wheat at one of their 
daily meals. So, far as the requirement for calcium in itself is concerned, calcium 
salts like lactate might with advantage be habitually added to human food, either 
separately or by admixture with table salt but, as Sherman (1920a) observes, * It 
would probably be more difficult to persuade people generally to make such additions 
than to teach a more liberal use of foods naturally rich in calcium \ Some vege- 
tables are good sources of calcium but the availability of vegetable calcium is still 
a disputed question. The most important and useful supplement in this respect 
is milk, which besides being rich in calcium and phosphorus is a source of proteins 
of high nutritive efficiency and of vitamin A. Reference may be made to the 
results obtained with milk supplement in the case of B. C. R. S. and recorded in 
Table III. On a typical Bengalee diet containing rice, fish, pulse, and vegetables 
without milk the intake of calcium was 0-28 g. (this intake was influenced by the 
high calcium content of the drinking water from a tube-well which supplied 0-16 g.) 
and the experimental subject was just in calcium balance. On the addition of 
466 g. milk, the intake of calcium rose to 0-86 g. the Ca/P ratio changed to 1/2-2 
and a considerable retention of calcium took place. It may be pointed out that 
of the 584 mg. calcium and 498 mg. phosphorus supplied daily in the form of milk 
to the subject already in positive balance, 126 mg. calcium and 85 mg. phosphorus, 
calculated on an average of three days, were retained daily, the retention gradually 
falling off. 

Channels of excretion. — It is well known that after absorption both calcium and 
phosphorus, especially the former, are excreted not only in the urine but also in the 
faeces. The percentages excreted in the urine and faeces are noted in Table VIII. 
Of the total phosphorus elimination 35 to 60 per cent occurs through the urine, 
while of the total calcium elimination 9 to 40 per cent takes place through the same 
channel. 

Effect of excess of calories on mineral metabolism. — Addition of excess of cane- 
sugar to a diet already adequate in energy value (vide Table IX) increased the 
elimination of calcium in urine, while the faecal calcium, as also urinary and fascal 
phosphorus, remained practically constant. Reference may in this connection 
be made to the observation of Speirs and Sherman (1936) that within the limits of 
experimental error calcium utilization was similar on diets containing equivalent 
amounts of different forms of carbohydrate. 1 

Protein intake and calcium metabolism. — Conner and Sherman (1936) observed 
that increasing the protein content of a diet containing a nearly minimal adequate 
level of calcium from 14 per cent to 18*8 per cent resulted in more rapid growth and 
aiso m an increased rate of calcification m young rats. In our experiments on 
adults, the level of protein in the diet appears to have no effect on calcium meta- 
bolism. Thus, in Table I (GL C. N.) as the amount of rice in the diets was increased 
from 250 g. to 600 g. the dietary nitrogen increased from 4-45 g. to 8-42 g. at a nearly 
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constant calcium intake of 0-147 g. and this had no favourable effect on calcium 
retention. Also with S. 1ST. D. (Table II) an increase in rice intake increased the 
dietary nitrogen from 4-17 g. to 6-99 g., average intake of calcium being 0-213 g. ; 
no simultaneous improvement in calcium retention, however, occurred, the Ca/P 
ratio becoming worse. 

Summary. 

1. Twenty-eight calcium and phosphorus metabolism experiments have 
been carried out on three individuals consuming vegetarian diets based on rice and 
whole wheat. The maintenance calcium requirement, deduced from the average 
of twenty-four experiments in which balance was nearly obtained, was found to 
be 0-388 g. per 70 kilo body-weight per day. The maintenance phosphorus 
requirement, deduced from the mean of 13 experiments in which equilibrium was 
nearly attained was calculated to be T001 g. per day per adult weighing 70 kilo. 

2. Typical vegetarian rice diets (containing 600 g. rice and 0-15 g. to 0-20 g. 
calcium and with Ca/P ratio = $) fail to maintain adults in calcium balance. 
Typical wheat diets (containing 600 g. wheat and 0-30 g. to 0-35 g. calcium and with 
Ca/P ratio = {■) give better results probably because of a higher level of intake 
of calcium at the same unfavourable Ca/P ratio. Replacement of a portion 
of rice by an equal weight of sago which contains the same percentage of calcium 
as rice but much less phosphorus brings the experimental subject, in some cases, 
into positive calcium balance. Replacement of a part of rice in the rice-eaters’ 
diet by wheat is desirable. 

3. The addition of 466 g. of milk to a rice and fish diet has a favourable effect 
on calcium balance and brings the Ca/P ratio to 1/2-2 and the calcium content of 
the diet to 0-86 g. 

4. Both the rice and wheat diets kept the subjects in positive phosphorus 
balance. 

5. Addition of excess of sugar to a diet already supplying sufficient calories 
increased the elimination of calcium in the urine, the fascal elimination remaining 
constant. 

6. Of the total calcium excretion 9 to 40 per cent occurs through the 

kidney, while of the total phosphorus elimination 35 to 60 per cent takes place 
through the same channel. 1 

7. Increase in protein intake appears to have no effect on calcium metabolism 
in adults. 
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Calcium and 'phosphorus metabolism on rice diet. 
Experimental subject — G. C. N. 
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J, MR 


13 


Total ..145 567 Mean 12 128 140 +5 365 271 636 -69 
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600 g. rice .. 68 840 
















200 g. vegetables . . 39 89 

100 g. sugar 

25 g. dhal . . 10 107 25 . . • • • * 423 

25 g. fat . « • • • • 26 * • • • * • 449 

water • • 35 . . 24 • . . • • • 417 
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Total .. 153 1,036 Mean 25 158 183 -30 378 455 883 +203 
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Total .. 149 768 Mean 17 138 155 -6 300 484 784 









250 g. rice 











Table II. 

Calcium and phosphorus metabolism on rice diet. 
Experimental subject — S. N. D. 
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Calcium and phosphorus metabolism on rice, fish, pulse, and vegetables diet and the effect of supplementing 

the diet with milk. 

Experimental subject — B. C. R. S. 
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Diet I was taken for seven days and urine and fceces collected on the last four days. Then diet I supplemented by 466 g. of cow’s 
milk daily was taken for three days. 




























400 g* wheat . . 157 1,168 

200 g. sago . . 19 12 

200 g. vegetables . . 39 89 
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Total .. 307 1,949 Mean 19 154 173 +134 638 503 1,141 +808 
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400 g. wheat 









200 g. vegetables 
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Total .. 182 661 Mean 14 98 112 +70 349 228 577 +S4 














Metabolism of calcium and phosphorus on atta diet (2nd series). 
Experimental subject — G. C. N. 
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200 g. wheat . . 90’6 















200 g. vegetables .. 43*7 59*0 

100 g. sugar 

25 g. dhal .. 10'8 102 17*8 . . .. • • 402 

25 g. fat .. .. 20*3 .. .. .. 436 

water - . 33*3 20*7 13*8 . . . . • • 523 


K. P . Basu, M. N. BasaJc, and B. C. Rai Sircar. 


493 



Total .. 291-6 1,609-3 Mean20'0 173-6 193-6 +98-1 923 368-8 1,291-8 +317-5 












400 g. wheat . . 200 1,036 

100 g. sago . . 10 6 





200 g. vegetables 
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Total .. 351 1,496 Mean 72 401 473 -122 312 | S05 1,117 +379 



Table VII. 

Maintenance requirement of calcium and phosphorus. 

Showing the outputs of calcium and phosphorus at which balance was nearly attained in the 
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Table IX. 

Effect of increase in intake of sugar and hence of calories on calcium and phosphorus metabolisms. 

Experimental subject — G. C. N. 
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BASAL METABOLISM OF INDIANS. 
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With the growing importance of the determination of basal metabolism in 
the diagnosis and subsequent treatment of' certain endocrine disturbances, demand 
arose for facilities for this work in Bombay. Since most of the hospitals lacked 
the necessary facilities, this Institute took up the work in 1927 and a considerable 
volume of clinical work was referred to it. It was soon realized that there was 
available no normal standard for Indians, except the few data reported by Mukher- 
jee which averaged, according to Du Bois (1927), ‘ 9 per cent lower than generally 
accepted standards ’, against which we could compare our findings in pathological 
conditions. It was the practice then, to use the standards for normals established 
by American workers on American subjects. The practice seemed to be founded 
on good experimental basis. At the time the American standards were worked 
out there was no indication but that they were applicable to other races and other 
climates. Some of the subsequent studies, however, on subjects of different races 
and on European residents in tropical and sub-tropical countries indicated 
significant differences from American standards. Yet the position was so confused 
that taking the same data two eminent authorities, Du Bois and Lusk, drew 
different conclusions. Du Bois (1927) concluded his discussion of the subject 
with the remark, 1 There is evidence to indicate that there may be a rather large 
decrease in the inhabitants of some tropical countries’. Lusk (1928), on the 
other hand, summarized the evidence with the remark, ‘ On the basis of the whole 
of the evidence it does not appear wise to state that the influence of race or of 
a tropical climate may greatly reduce the basal metabolism. ’ Data published 
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subsequently both in India (summarized in Table I) and abroad have not 
clarified tbe situation. 


Table I. 


Mean basal metabolic rales jor normal Indian men in literature. 


Name of observer. 

Localit}'. 

Number 

of 

subjects. 

Average result 
expressed as 
percentage of 
an established 
standard used 
for comparison. 

Mukher j ee (1926) 
(quoted by Mukherjee 
and Gupta, 1931). 

Calcutta 

15 

— 9 (Sanborn) 

Mukherjee and Gupta 
(loc. cit.). 

j? 

18 

- 13*3 (A u b-D u 
Bois). 

Banerji (1931) 

Lucknow 

100 

— 6*9 (European ?) 

Krishnan and Vareed 
(1932). 

Madras 

54 

— 12 (A u b-D u 

Bois). 

Bose and De (1934) . . 

i 

Calcutta 

30 

— 0*7 (European 
and American ?). 

Rahman (1936) 

Hyderabad 

32 

—8*7 (Aub-Du Bois). 

Ahmad ei cil. (1938) . . 

Calcutta 

9 

— 8*99 (Aub-Du 
Bois). 

Raj ago pal (1938) 

Coonoor 

26 

-12*5 (Aub-Du 
Bois)* 


Type of apparatus 
used. 


Douglas bag and Haldane 
gas- ana lysis apparatus. 


do. 


Benedict portable appa- 
ratus. 


Benedict-Roth apparatus 
•with the Collin’s 
Kymograph attach- 
ment. 

Sanborn graphic meta- 
bolism apparatus. 


Sanborn Motor-Grafic 
Metabolism Tester. 


Douglas bag and Haldane 
gas-analysis apparatus. 


Benedict-Roth w i t h 
Collin’s Kymograph 
equipment. 


The Indian data show a lowered heat production in normal Indian subjects. 
This observed lower metabolism is generally attributed to tKe influence of race 
and climate, but the study reported in this paper draws attention to another 
possible factor. We have noticed that in our subjects the daily (24-hour) 
excretion of nitrogen in urine seldom exceeded 7 g. and was very often as low 
as 4 g., while in the case of Europeans the usual figure given for 24-hour excretion 
of nitrogen is 12 g. to IS g. This indicates that Europeans generally consume 
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much larger quantities of proteins than Indians do. The consideration emerges 
that the ‘ specific dynamic action ’ of proteins, particularly animal proteins, may 
be playing a decisive role in determining the level of heat production. It is 
true that in the determination of metabolism under basal conditions the specific 
dynamic action of proteins should play no part, yet it is possible that, in the stan- 
dard conditions under which heat production is usually measured, the action of 
proteins may possibly form an important factor. In the case of Europeans 
consuming comparatively larger quantities of proteins, the specific dynamic action 
may produce a higher peak and the effect may well extend to the next morning ; 
while in the case of Indians habitually consuming comparatively small quantities 
of proteins, the rise in heat production due to protein action may be small, and the 
effect may come to an end in a much shorter period than 12 hours after the evening 
meal. In any case, the matter is of considerable importance and merits careful 
study. We, therefore, believe that before any final conclusion can be reached 
regarding the role played by climate and race on energy output, a considerable 
amount of controlled work will have to fie carried out. 

The first essential requirement of such studies would be the use by workers of a 
highly standardized accurate method of measuring the gas exchange. This require- 
ment has not been given adequate attention by workers in India. Most of the 
workers have used a variety of apparatus employing closed-circuit methods measur- 
ing oxygen consumption alone. Two workers, who did use the open-circuit method, 
have employed the Douglas bag, with which it is apparentl}'- more difficult to obtain 
reliable results than with the other open-circuit methods (Carpenter, 1915). The 
multiplicity of methods employed for measuring the gas exchange and the different 
standards (sometimes unspecified) used for comparison have resulted in different 
workers arriving at basal metabolic rates for normal Indians varying from — 0*7 
per cent to — 13-3 per cent. Further, measurements would have to be made on 
inhabitants of different sub-tropical and tropical regions using a standardized 
method for measuring the gas exchange. The question of the diets of subjects will 
require to be taken note of and determinations made while the subjects are subsist- 
ing on their usual diets and again after the same subjects have been put on diets 
rich in protein for suitable periods of time. In addition the basal metabolic rates 
of Europeans living in cold climates would have to be determined and then repeated 
on the same subjects after they move to sub-tropical or tropical regions 
immediately on arrival and then again at intervals after specified periods of stay 
in such areas. Level of protein consumption in their case also will have to be 
noted from time to time. 

We could not conduct such extended investigations. We were interested in 
developing standards for clinical use. For our purpose it was enough to follow the 
suggestion on the matter made by Du Bois (1927), ‘ I should like to add that the 
man who studies the metabolism of patients should also study a fairly laro-e number 
of normal controls, using exactly the same technic in order to ascertain the°standards 
which show the best results under the given conditions of experimentation ’ 
Though our work was undertaken for this limited objective, yet the greatest 
possible accuracy in the measurement of the heat production was attempted and 
full data are presented with a view to make this study serve a somewhat wider 
purpose. 
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General plan of work. 

Since in the case of patients neither previous training nor frequent repetition 
of determinations which are essential for determining strictly physiological 
standards is possible, we have sought to determine metabolism of normal Indian 
subjects under well-defined standard conditions. 

As regards the choice of subjects, wc preferred healthy men going about their 
daily work. So-called ‘ hospital normals ’ were not used because such individuals 
when they reach the hospital are in a low condition and tend to have a lower meta- 
bolism (Benedict, 1928). Further, as patients form a non-homogeneous group of 
individuals of all ages and from all classes of society, we have made our group of 
normal subjects representative by including individuals from different classes, 
and covering a wider range of age. Our normals were selected from college 
students and professors representing a highly educated class and a number of 
subjects from less educated classes. The ages varied from 20 to 49 years. 

Regarding the measurement of heat production, w r e have adhered to the 
almost universal practice of making the determinations in the morning 
twelve to fourteen hours after the last meal with the subject lying motionless. 
Strictly speaking this is not the lowest or basal metabolism, and would be better 
designated as 1 standard metabolism as suggested by Krogli (1923, quoted by 
Du Bois, 1927). 

Also from the very inception of our work we adopted the practice of utilizing 
the first determination made for the individual, unless at the time of the test 
it was noted that the respiration was unsatisfactory for reasons of restlessness 
and observable muscular tension. Tliis is a matter of considerable importance 
and has recently been stressed by Boothby el al. (1936). They point out that 
the use of the term (basal metabolism) has led in recent years to the almost 
subconscious acceptance of the erroneous idea that, of any two or more deter- 
minations carried out on the same individual, the lowest or the lowfir group 
of such a series were the correct ones, and that the higher ones were vitiated 
by the presence of some unknown disturbing factor. Variability is a universal 
biologic phenomenon ; it must be taken account of by proper statistical methods 
and not excluded by a predetermined selection of results. Metabolism is a 
variable quantity that can be standardized, but not absolutely fixed. The 
idea that there is a single lowest metabolism for each individual is erroneous. 
They further point out that if many determinations are made on an individual 
and, of these, either the mean or lowest is used, the results will depend on 
the number of determinations which have been made for each case. Where 
a mean of several determinations is used, the value is sliglftlv lower than 
the mean of first determination for many similar individuals, and of course 
this is true for the lowest determination. Therefore, if one departs from the 
practice of using a single determination made under standard conditions, the 
number of determinations should strictly be identical for each individual. That 
this condition would limit most investigations to few individuals is obvious, 'and 
therefore a standard should be built strictly on the single determination. We have 
used the first satisfactory determination throughout. Even in cases in which 
several observations were made either on the same or different days, the first satis-' 
factory determination only was used for this study. 
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Technique. 

Our subjects came to the Institute at least 12 hours after the completion of 
their normal meal the previous evening. The actual tests for this study were 
made in all cases between 13 and 14 hours after the completion of the meal. 
Those who stayed in the Medical College Hostel, i.e., within a furlong of the Insti- 
tute, came on foot but those who lived further away arrived in some conveyance 
at about 8 a.m. On arrival, the procedure was explained to the subjects to 
dispel their nervousness and gain their confidence, and they rested for at least half 
an hour horizontally on a couch before the test was started. 

Because of the superiority of the gasometer open-circuit method over other 
types of open-circuit methods and its unquestioned accuracy, a chain-compensated 
spirometer (Tissot bell type) was used. The subject inspired the atmospheric air, 
the composition of which was checked from time to time, and expired into the 
spirometer through a mouth-piece, a series of tubes, and rubber flutter 
valves. The mouth-piece was found to be better than the face mask as the use 
of the latter was found to make subjects uncomfortable in the hot climate of 
Bombay. Besides, our experience showed that when a mouth-piece was used, 
leaks about the mouth could be more easify examined and excluded. 

There is no objection to the use of normal standards determined under such 
conditions for evaluating metabolism in pathological conditions since all the patients 
for whom energy output determinations are desired can usually be sent to this 
laboratory, and determinations are made on patients under exactly the same 
conditions as those made in the case of our normal subjects. In any case the use 
of a non-portable apparatus is no impediment, because the patient who is too ill 
to be removed to a laboratory is not the type of case in which basal metabolic 
estimations are of value (Bailey, 1921). 

After the period of rest it was ascertained that the body temperature was 
normal and the basal pulse and respiration rates were noted. Then the rubber 
mouth-piece was adjusted to the comfort of the subject and when he became 
accustomed to the mouth-piece, the nose-clip was applied and the subject was 
given some practice in breathing through the mouth. This enabled the subject 
to appreciate that there was no interference with respiration and helped in 
.removing abnormalities of respiration. All leaks about the mouth and nose were 
examined and excluded. 

When the subject had completely adjusted himself to the conditions and was 
breathing normally, he was connected with the spirometer during the inspiratory 
phase. After about five minutes, he was disconnected from the spirometer 
and the collected air was expelled. This procedure was repeated twice. It served 
a double purpose. It accustomed the subject to breathing into the spirometer 
and it washed the atmospheric air out of the instrumental dead space with 
expiratory, air. 

After a few minutes’ rest in which the mouth-piece and nose-clip were removed, 
the subject was again connected with the spirometer for the actual test. The first 
few litres collected were expelled and the zero reading of the spirometer was taken. 
The subject was then connected with the spirometer by a quick turn of the 
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valve-cock during the inspiratory phase, the stop-watch was started at the same 
time and the collection begun. While the air was being collected, the respiration 
and pulse rates were recorded at frequent intervals. The amount of the gas 
collected in the spirometer per minute was recorded from the brass scale and this 
served as a good indicator of the regularity of respiration. The subject was 
requested to eschew all muscular activity during the test. 

The duration of the test in our investigation varied from 10 to 15 minutes. 
At the selected time and during inspiration, the subject was quickly cut off from 
the spirometer by the turning of the cock, and the stop-watch was stopped at 
the same time. If the operator was satisfied that the breathing as regards depth 
and rate was normal throughout the entire period, the gas collected was used for 
analysis. The temperature of the spirometer gas, as recorded by a thermometer 
let through the top of the spirometer, was noted when it had practically (within 
0‘2°C.) come to the room temperature. No appreciable change in the volume of 
the gas, N. T. P. was noted whether it was read after 20 minutes or after one hour 
after the test nor was any significant difference in the composition of the gaseous 
mixture in the spirometer noted whether a sample was taken immediately or even 
as long as 30 minutes after the completion of the test. In all cases the volume of 
the expired gas was recorded and the sample taken for analysis after 20 to 25 
minutes after the completion of the test. The spirometer was filled with water the 
previous evening so that it should have as nearly as possible the room temperature 
and thus help the air collected in the spirometer to acquire the room temperature 
quickly. 

Next the standing height and the actual weight of the subject were recorded 
and the nude weight was calculated from the latter after deducting the approximate 
weight of clothes. This approximate weight was obtained by weighing a number 
of clothes similar to those used by the subjects. This method gave the nude weight 
correct to about half a pound, thus causing an error not more than about ± 0’2 
per cent in the final result. 

After the temperature and the volume of the gas collected in the spirometer 
and the barometric pressure had been recorded, some of the gas was let out 
to wash out the connecting tubes. A sample of the gas was then taken in a 
Bailey gas-sampling bottle. After the first sample was withdrawn and before the 
duplicate sample was taken, more gas was allowed to escape through the tubes 
to insure against errors from layering in the spirometer by the second sample being 
thus collected from a half-emptied gasometer. Carpenter and Fox (1927) have, 
however, shown that errors from layering are impossible when the subject has 
breathed normally and regularly throughout the test. It was our experience also, 
that there was no significant difference in the composition of the gaseous mixture 
in the two samples. The gas samples were analysed in a Haldane-Henderson 
gas-analysis apparatus, using a Henderson-Haldane-Bailey burette. From the 
values of CO 2 and O 2 obtained, the basal metabolism was calculated, using a five 
figure logarithmic table. The surface area was taken from the tables of Stoner 
(1926) drawn up on the height-weight formula of Du Bois and Du Bois (1916). 
The basal metabolism or basal metabolic rate was recorded as the percentile 
variation of the observed from the normal or predicted heat production. 
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As there is as yet no universally accepted normal standard, we have compared 
our findings with four different prediction standards. Three of these, namely, 
Aub-Du Bois (Sage) (1917), Ilarris-Benedict (1919), and Dreyer (1920) standards 
were selected because they arc extensively used, while the fourth, namely 
Boothby-Bcrkson-Dunn ( loc . cil.) standard, though also based on the surface-area 
formulation of Du Bois and Du Bois, was selected because the standard was 
worked out on a careful statistical study of a much larger number of subjects (639) 
than the original Aub-Du Bois standard. Of the three standards in wide use, the 
„ consensus of opinion seems to be in favour of the Aub-Du Bois standard which, 
though based on a small number of normal subjects, was found to indicate quite 
accurately the general changes with age that have been demonstrated during 
the last few years b) r the large series of Boothby (Du Bois, 1936). The standard 
is moreover less likely to fail when used on exceptional subjects of unusual 
build (Ivrogh, loc. cil.). Recently, Berkson and Boothby (1936) concluded their 
comparison of the estimation of basal metabolism from (1) a linear formula 
(Harris-Benedict) and (2) surface area (Du Bois and Du Bois) with the remarks : 
* Our conclusions favoured the surface-area formulation, because of the consistency 
of its implications with observations and the relatively greater simplicity with 
which it can be used in the study of the change of metabolism with age or other 
variables ’. Dreyer (loc. cil.), on the other hand, claimed preference for his method 

wn , 

as in his opinion ‘ the formula K = o " i33F ex P resses basal metabolism m 

C x A 

an extremely satisfactory manner over a wide range of body, size, and age ’. 
Better results were claimed by Dreyer when theoretical weight computed from 
the sitting height and chest circumference was used rather than actual weight, 
but the promised data on this point do not appear to have been published. 
Jenkins (1931), on the contrary, concluded that ‘ the Dreyer standards based 
upon observed weight seem on the whole to have the greatest advantages ’. 
Stoner (1923) also found no advantage in theoretical over actual weight. Because 
of this possible lack of advantage and because of the greater possibility of 
error in the measurement of sitting height and chest circumference we have, 
in our calculations, used the actual weight. 


Results. 

Table II shows the results of our findings in 60 normal Indian men. 

The basal pulse rate in our subjects average 67 beats per minute, the minimum 
being 51 and the maximum 85. The average given by Benedict (1928) for 24 
out of 27 American subjects (the table of results does not give the pulse rate for 3 
subjects) is 60. The minimum in this case was 43 and the maximum 75. This 
average according to Benedict was essentially the same as in the earlier series of 
Harris and Benedict of 136 men. Among the Indian investigators only three mve 
basal pulse rates. Mukherjee and Gupta (loc. cit.) found the basal pulse rate to 
vary between 54 and 84, the average being 67. This average is the same as ours. 
Rahman (loc. cit.) found that the pulse rate during test averaged 64 beats, the range 
being 44 93 - The average given by Rajagopal (loc. cit.) is 62, the range being 

49 to 73. His figure for each subject is the average of nine counts in three tests. 



Table II. 

Basal metabolic rate determinations an sixty normal Indian men. 
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Three figures for average basal pulse rate for Western subjects quoted by Raliman 
(loc. cit.) are 62, 61-26 ± 6-73 and 61-4 ± 8-22. On this basis, the average pulse 
rate of Indians, except the value obtained by Rajagopal, is slightly higher than 
that of Western subjects. 

The respiration rate varied from 9 to 24, the average being 16. Mukherjee 
and Gupta obtained an average of 15, the variation being from 10 to 20. Rahman’s 
figures averaged 16-4, ranging between 9 and 31. Rajagopal’s counts taken from 
the kymograph records average 16, the range being 9 to 25. These figures show 
that the average respiration rates obtained by different Indian workers are 
nearly the same. 

The respiratory quotient varied from 0-713 to 0-917, the average being 0-834. 
The figures given by Mukherjee and Gupta range from 0-71 to 0-99, the average 
being 0-84, a figure very nearly the same as ours in spite of the wider range. 
Ahmad et al. found the range to be 0‘72 to 0-87, the average being 0"81. All these 
figures are very close to the respiratory quotient, 0-82, generally accepted for the 
caloric value of oxygen to calculate the heat production from the measured 
oxygen consumption in a closed-circuit system. 

The average oxygen consumption per minute was 202-5 c.c., the range being 
153-0 c.c. to 295-0 c.c. The average of Mukherjee and Gupta is 186 c.c. (range 
144 c.c. to 235 c.c.), that of Rahman 200-4 c.c. (range 164 c.c. to 245 c.c.), and that 
of Rajagopal 192 c.c. (range 170 c.c. to 214 c.c.). 

The average heat production per hour per square meter was 36-3 cal., the range 
being 30'3 to 42-7 cal. The average of Mukherjee and Gupta is 34-26 cal. (range 
27*19 to 39 - 40), that of ICrishnan and Vareed is 34"8 cal. (range 29-4 to 42-0), that 
given by Rahman is 36-16 cal. (range 31-3 to 42‘5), and that of Rajagopal is 34 - 4 cal. 
(range 31-5 to 37-0). 

The comparison of our B. M. R. findings computed with four different standards, 
(i) Aub-Du Bois, (n) Harris-Benedict, (Hi) Dreyer, and (iv) Boothby-Berkson- 
Dunn (Mayo Foundation), are shown in a tabular form in Table III. The 
frequency distribution of the results by these standards is shown in Charts 1, 2, 3, 
and 4. It will be seen that the frequency distribution in the case of the Aub-Du 
Bois standard is the most symmetrical. 

The mean, — 5-3 per cent by the Harris-Benedict standard, approaches more 
closely the zero of that standard, than is the case with other standards, but the 
total scatter about the average as well as the standard deviation are greater 
than those obtained with other standards. Thus, the Harris-Benedict standard 
gives the least relative prediction accuracy. Both the Aub-Du Bois and the 
Boothby-Berkson-Dunn standards are to be commended for their relatively better 
prediction accuracy ; further, the total scatter about the average in the case of 
these standards is less than in the case of both the Dreyer and the Harris- 
Benedict standards. Though the average, — 8 per cent by Du Bois standard, is 
nearer the zero of the standard than the average, — 9'7 per cent, in case of 
Boothby-Berkson-Dunn standard, the latter standard is to be preferred for 
its greater range of applicability. 
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Variation in the basal metabolism of an individual. 

Even though, for reasons discussed previously, we used the first satisfactory 
determinations for the calculation of the mean, we also investigated the individual 
variation in the successive basal metabolic determinations. The variations noted 
in different determinations made on the same or on different days on the same 
individual are the sum total of three factors: (1) the true variation of the basal 
metabolism of the individual, (2) the experimental error of the apparatus, and 
(3) factors such as physical exhaustion on the previous day or unsuspected illness 
or unconscious increase in the muscular tension of the subjects. The knowledge 
of these variations is of tremendous importance from a practical stand-point when 
we attempt to interpret the results of any one determination (Du Bois, 193G). 

(a) Two determinations on the same day. — We investigated 17 of our subjects 
on whom a second test could be made the same day in order to find the indi- 
vidual variation in the basal metabolic rate. The second tests were satisfactory 
as regards regularity of breathing, etc., in all cases. Our findings are shown 
in Table IV. 

Comparison of the average of the means of two satisfactory determinations 
with the average of the first satisfactory determinations shows that the averages 
in the two cases are practically the same, namely,— 6-3 per cent and — 6-4 per cent 
by the Aub-Du Bois standard, and —4-0 per cent and —4-1 per cent by the Harris- 
Benedict standard. The individual minimum basal metabolic rate variation in 
the two tests on the same day is 0-4 per cent and the maximum 6 - 3 per cent by the 
Aub-Du Bois standard, the corresponding values by the Harris-Benedict standard 
being 0-4 per cent and 6-4 per cent. The minimum individual variation from the 
mean of two determinations is 0 - 2 per cent and the maximum is 3-2 per cent when 
compared with both the Aub-Du Bois and Harris-Benedict standards. 

The minimum deviation in the oxygen consumption in the two tests is 1*7 c.c. 
and the maximum is 13-1 c.c. or 04 per cent and 3-3 per cent from their respective 
means. Our observed daily variations in oxygen consumption agree closely with 
the two data available in literature on Indian subjects. Rahman’s ( loc . cit.) 
minimum daily variation is 0 c.c. and the maximum is 15 c.c. or 0 per cent 
and 3-7 per cent from their means. Rajagopal (loc. cit.) stated that ‘ in almost 
all cases this (the basal oxygen consumption) was found to agree within 5 per 
cent ’. Griffith el al. (1929) stated that the extreme deviation of duplicate 
determinations on the same day ranged between 3-0 and 5 - 3 per cent from their 
means in their six subjects, while in our seventeen subjects the extreme deviation 
is 0-4 and 3'3 per cent from their means. 

(b) Determinations on different days. — We also examined seven of our subjects 
on two or more days with a view to determine the individual variation in basal 
metabolic rate on different days. The first satisfactory determination on eacli day 
was taken for calculation. Our findings are given in Table V. 

The total minimum basal metabolic rate deviation of an individual is 1*2 per 
cent ( —10-6 per cent and — 9-4 per cent Aub-Du Bois, and — 8-3 per cent and — 7-1 
per cent Harris-Benedict), the corresponding figures for maximum deviation being 
9-G per cent ( — 16-7 per cent and — 7T per cent) and 10-0 per cent ( — 13-G per cent 
and — 3-6 per cent) by the Aub-Du Bois and the Harris-Benedict standards, 
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Basal metabolic rate findings on different days in seven oj our subjects. 
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respectively. Tlie maximum deviation of the individual basal metabolic rate 
determinations from their average is ± 4*8 per cent by the Aub-Du Bois standard, 
the corresponding figure by the Harris-Benedict standard being ±5-0 per cent. 

Much larger variations have been observed. In one of the two extreme cases 
of Benedict (Du Bois, 1936) the maximum variation from the average was — 8-4 
per cent to + 9-6 per cent (total variation 18 per cent according to square meter of 
body surface) during a period of 12 years and in the other the maximum variation 
was — 3-8 per cent to + 2-4 per cent (total variation 6'2 per cent) over a period of 
16 years. Du Bois himself during 22 years varied from — 11'6 per cent to — l - 8 
per cent (the total variation being 9'8 per cent). 

Of the Indian investigators, Rahman’s (loc. cit.) total minimum variation in 
basal metabolic rate on different days is 03 per cent ( — 4 -3 per cent and — 4'0 per 
cent) the corresponding value for maximum variation being 15 - 7 per cent (O'O per 
cent and — 15'7 per cent) by the Aub-Du Bois standard. 

As regards the variation in oxygen consumption per minute for an individual 
on different days, the minimum and maximum variation in our subjects were 
0-3 c.c. and 26-3 c.c. Rahman’s figures show the corresponding figures to be 4'0 c.c. 
and 36-1 c.c. Rajagopal’s figures for the lowest oxygen consumption on two days 
show that the minimum variation is 1 c.c. and the maximum is 15 c.c. It is not 
clear whether these lowest oxygen consumptions represent tests made on two days 
only or whether the tests were made on several different days and which of these 
two determinations were selected for comparison. Benedict’s (1935) oxygen con- 
sumption varied between 221 c.c. and 237 c.c. during the period of 29 out of 
33 days, the maximum variation being 16 c.c. If four days when he was upset 
by an automobile accident which involved a member- of his family are taken into 
account, the figures were 221 c.c. and 255 c.c., the difference being 34 c.c. It is 
to be noted here, that Bose and De (loc. cit.) found little variation in the results 
when tests were made on the same subject on different occasions. 

The maximum individual variation in the respiratory quotient on different 
days was 0-91 to 0-77. The average of the mean respiratory quotients for each 
subject was 0-816, a value closely approximating the value, 0-82, used in closed- 
circuit methods. The variation in the case of Benedict (1935) was 0-78 to 0-88 
in 33 consecutive days. 

Our findings compared with those of other workers. 

A comparison of our findings with those of other Indian workers presents 
some difficulties. These must be stated for a correct understanding of the 
differences in the results recorded. Firstly, there is the question of the methods 
employed for measuring the gas exchange by different workers. We have employed 
the open-circuit method using a Tissot gasometer. This method measures gas 
exchange with a high degree of accuracy and has the great merit of making 
evident at once that something is wrong with the results if the technician has not 
been accurate (Du Bois, 1936). Only two other groups of workers, Mukherjee 
and Gupta (loc. cit.), and Ahmad etal. (loc. cit.), used the open-circuit method but 
they employed a Douglas bag, with which it is more difficult to get reliable 
results. All other workers employed the closed-circuit method, employing a 
uniform respiratory quotient of 0*82. This practice introduces an error of 1 to 2 
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per cent (Du Bois, 1936). For this reason alone our results are not strictly 
comparable to those of other Indian workers. 

Secondly, the basal metabolic rate varies according to whether the first satis- 
factory determinations are used for its calculation, or whether the lowest readings 
of two or more determinations carried out on the same or different days, or the 
average readings of such determinations, are employed. As stated above we have 
employed the first determinations for our calculations. Mukherjee and Gupta 
and Ahmad et al. do not specifically state whether they used the averages or the 
lowest readings for their calculations, but it appears that they employed the 
averages of the successive readings for the calculation of their rate. Rahman, 
employing a closed-circuit method, used the averages of several readings whenever 
possible. .Krishnan and Yareed, and Rajagopal, using the same type of closed- 
circuit apparatus, used the lowest of the three oxygen consumption determinations 
made on the same or different days. 

In addition to the difficulties stated above a comparison with the work of some 
workers is made impossible by their omission to state the normal standard or 
standards which they employed to calculate their percentile variations. Banerji 
(foe. oil.) gives his basal metabolic rate to be ' 6*9 per cent below the European 
standard ’, without specifying to which standard he was referring, there being no 
universally accepted European standard. Bose and De (foe. cit.) came to the 
conclusion that in the case of Indian subjects c the basal metabolism does not 
essentially differ from that of the European and American standards 5 . These 
authors also do not specify to which standards they were referring. Though in 
absence of the knowledge of the standard used it is not possible to assess the 
value of their findings, yet it may be noted that the findings of these workers 
differ from those of all other workers in (1) that in the case of their Indian subjects 
they did not find any difference from the ‘American and European J normal 
standards, and (2) that the tests made on the same individuals (normal) on different 
occasions under similar conditions gave uniformly identical results. 

Subject to the remarks made above, it will be seen that in the case of the Du 
Bois standard our mean basal metabolic rate of — 8 - 0 per cent is close to the 
figures — 8'7 per cent and — 8-99 per cent, given by Rahman (loc. cit.) and Ahmad 
et al. (loc. cit.), respectively. It is to be noted that the subjects of these workers 
came from two totally different localities. Rahman worked in Hyderabad 
(Deccan), while Ahmad et al. carried out their determinations on Bengalees in 
Calcutta. The mean basal metabolic rates, — 13-3 per cent, — 12 per cent, and 

— 12-5 per cent, given by Mukherjee and Gupta, Krishnan and Vareed, and 
Rajagopal, respectively, are lower than our finding. In the case of the Harris- 
Benedict standard our mean rate, — 5-3 per cent, is close to that, — 5-79, given 
by Ahmad et al. (loc. cit.), while the other available figures, — 10-8 per cent, 

— 6-8 per cent, and — 8-9 per cent, given by Krishnan and Vareed, Rahman, 
and Rajagopal respectively are lower than our finding. In the case of the 
Dreyer standard our rate, — 5-9 per cent, is close to the rate, — 6*16 per cent, 
given by Ahmad et al. who appear to have calculated the heat production from 
the actual weight as we have done. The only other workers, Krishnan and Yareed 
who compared their findings with the Dreyer standard, calculated their heat pro- 
duction from the weight calculated from sitting height, and obtained a rate of 
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— 11-9 per cent. It is to be noted that this rate of theirs is practically the same 
as they obtained with the Du Bois standard, i.e., — 12 per cent. 


Discussion. 


The mean basal metabolic rate for normal Indian male subjects given by different 
workers varies from — 0-7 per cent to — 13-3 per cent. If the figures of Banerji 
(i he . cit.) and Bose and De ( loc . cit.), who do not state what normal standard they 
used for comparison, are not taken into consideration, the variation of the rate 
narrows down to — S’O per cent to — 13*3 per cent by the Aub-Du Bois standard. 
These different rates are reported on the basis of work carried out at Bombay, 
Calcutta, Madras, Hyderabad (Deccan), and Coonoor. The question, therefore, 
arises whether these different rates actually represent different levels of basal 
metabolism among normal subjects living in widely separated localities. There is 
little evidence, however, to make one believe that such is the case. Mukherjee 
and Gupta (loc. cit.) working at Calcutta found a basal metabolic rate of 
— 13-3 per cent for normal Bengalee males, while Ahmad et al. (loc. cit.) who 
also worked at Calcutta found a rate of — 8'99 per cent for Bengalees. Both 
used Aub-Du Bois standard for comparison. We must, therefore, look for some 
other factor to explain the observed differences. 

We have stated above that different workers have used different methods of 
measuring the gas exchange. We have used the open-circuit method employing a 
Tissot gasometer. Other workers have used closed-circuit methods, except two 
who used the open-circuit method employing a Douglas bag. Though it is 
true that the Tissot apparatus is unquestionably superior on grounds of accuracy 
of measurement, the recorded differences are too large to be entirely attributed to 
the use of different methods of determination. In the case of closed-circuit deter- 
minations in which a uniform respiratory quotient of 0 - 82 is employed for calcula- 
tions, the error due to this practice would only amount to 1 to 2 per cent. 

To a great extent, as we shall show below, the observed differences are due to 
whether the readings of the first satisfactory determinations, or the lowest readings 
of two or more determinations carried out on the same individual on the same or 
different days, or the averages of the readings of such determinations, were used 
for the calculation of the basal metabolic rates. 


Our findings in the case of 17 subjects on whom two determinations were made 
on the same day show that the mean basal metabolic rate is — 7-6 per cent (Aub-Du 
Bois standard) when the lower determinations are used, while it is — 6-4 percent 
when the first determinations are used. The mean based on the first determinations 
is thus higher than the mean calculated on the lower determinations by 1-2 per cent. 
It is to be noted that the mean calculated on the averages of the two deter- 
minations (—6-3 per cent) is practically the same as the mean based on the first 
determinations (— 6-4 per cent). Similarly, the mean basal metabolic rate (— 11-7 
per cent Aub-Du Bois standard) calculated on the first determination in the case 
of seven subjects on whom determinations were made on two or more days, agrees 
with the mean rate based on the averages of determinations (11T per cent) °But 
the mean basal metabolic rate works out as - 13*8 per cent when calculated on 
the lowest readings. Thus, the mean calculated on the first determinations is 
higher by 2-1 per cent than the mean based on the lowest determinations 
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Perhaps our cases are too few to establish correctly the difference between the 
means based on the first determinations and those based on the lowest readings, 
but a difference of about the same magnitude has been noted by a worker who 
worked with a very large series of subjects. Marjorie Smith (quoted by Jenkins, 
1932) working in Chicago and using a portable Benedict apparatus made deter- 
minations on 1,126 men and 2.994 women. This worker found that the mean, if 
calculated on the averages of readings, was — 7 per cent (Aub-Du Bois standard), 
while it was — 9 per cent if calculated on the lower readings. Jenkins, using the 
same apparatus in the same locality on a series of 34 normal University freshmen, 
found a mean rate of — 5 per cent (Aub-Du Bois standard) calculated on the averages 
of determinations made on the same day. He observes, * The difference between — 5 
per cent and — 9 per cent (the figure obtained by Marjorie Smith) is in part accoun- 
ted for by the fact that in my data on normal persons, successive determinations on 
a given day were averaged, while in the data of the clinic (Marjorie Smith) the lower 
reading was selected.’ The Indian workers Krishnan and Yareed ( loc . c it.), who 
measured basal metabolism of 58 normal subjects taking three readings as a rule, 
found the rate to be — 7 per cent (Aub-Du Bois standard) if the averages of the 
readings were used and a rate of — 11 -6 per cent if the lowest readings of the three 
readings were employed. 

These data show that the difference between the rates calculated on the 
averages of successive determinations and the rates calculated on the lowest 
of two or three readings are l - 3 per cent, 2 per cent, 4 per cent, and 4-6 per cent, 
giving an average difference of 3 per cent, and it may safely be assumed that 
rates determined on the lowest readings of successive determinations would be 
about 3 per cent lower than the rates calculated on the averages of two or three 
readings or on the first readings. 

Our basal metabolic rate of — 8 - 0 per cent (Aub-Du Bois standard) calculated on 
the first readings, agrees closely with that of Rahman ( — 8-7 per cent) and of Ahmad 
et al. ( — 8 - 99 per cent) who employed the averages of successive readings for their 
calculation. Krishnan and YareecV s rate of — 7 - 0 per cent calculated on the averages 
of three successive readings is also close to our rate. This leaves Rajagopal’s rate ' 
of — 12 - 5 per cent. He used the lowest readings of his successive determinations. 
His paper does not give data to permit of a rate being calculated on the averages 
of readings taken on the same day. But if we correct his rate, based on the 
lowest reading, by the value (3 per cent) given above, we get a rate of — 9-5 per 
cent. This amount of correction is not excessive as the correction figure employed 
is based on the lowest of two or three readings, while Rajagopal took the lowest 
reading of six determinations. It will thus be seen that the basal metabolic 
rates for normal male Indian subjects reported by different workers lie within the 
range of — 7 per cent and — 9-5 per cent. They agree closely with the rate of — 8-0 
per cent found by us. Our rate has been determined by one of the most accurate 
methods under strictly standardized conditions and its difference of about ± 1 per 
cent from the rates found by other workers may well be due to the use by other 
workers of the closed- circuit method and a uniform R.Q. of 082. 

The available evidence shows conclusively that the basal metabolism of normal 
Indian subjects is lower than that of the European and American subjects ; and that 
the average lowering of the rate is 8 per cent by Aub-Du Bois standard. This 
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lowering of the basal metabolism is usually attributed to racial and climatic factors, 
but no satisfactory evidence has yet been put forward in support of this assertion. 
It seems more likely that the observed low basal metabolic rate is due largely to 
dietetic factors, i.e., to the relatively small amounts of proteins habitually 
consumed by the Indian people. Though conclusive evidence on the point is 
not available, a number of observations point towards it. ICrogh and Linhard 
(1920) show that metabolism is decreased if the previous diet is low in protein 
and that the lowest rates are obtained when the respiratory quotient is between 
0-80 and 0-94. Bierring (1931, quoted by Du Bois, 1936) confirmed this 
observation using a trained subject. Deuel el al. (1928) in a well-controlled 
experiment have shown that with the •withdrawal of proteins from the diet the basal 
metabolic rate fell from — 9 per cent to — 20 per cent by Aub-Du Bois standard. The 
nitrogen excretion during this period had fallen from 9'73 g. to 3-92 g. per 24 hours. 
It is also held (Du Bois, 1936) that a large protein meal can exert a specific dynamic 
action for more than fourteen hours. Krishnan and Yareed ( loc . cit.) found that 
the average basal rate of seven subjects on a high protein diet was -j- 1 per cent by 
Aub-Du Bois standard and of seven other subjects on low protein diet the average 
rate was — 19 per cent. These observations obviously refer to large differences in 
the quantities of protein consumed, the fact still remaining that in the case of our 
subjects, even when they consumed meat and other foods containing animal 
proteins, the nitrogen excretion in urine in 24 hours’ periods seldom exceeded 7 g., 
while the average excretion in the case of European and American subjects on a 
mixed diet varied from 12 g. to 18 g. per day. In view of the facts cited it is not 
unreasonable to conclude that the observed low basal metabolic rate in the case of 
Indian subjects is very likely due to their habitual low consumption of protein. 

t 

Summary. 

1. The mean basal metabolic rate for normal Indians has been worked out 
by the study of heat production, under precisely specified standard conditions, of 


Averages and ranges of variations in normal findings of sixty men. 


Prediction standard used 
for comparison. 

Mean, 
per cent. 

Minimum, 
per cent. 

Maximum, 
per cent. 

Standard 

deviation. 

Percentage of 
subjects within 
significant 
variation. 

Aub-Du Bois (Sage) 

- 8*0 

. - 23 *2 

+ 8*0 - 


6-9 

± 0-4 

1 

70 

Harris- Benedict 

- 5'3 

- 20*7 

+ 13*1 


7-4 

± 0-5 


72 

Dreyer 

- 5-9 

- 20*2 

+ 12*0 • 


7-2 

± 0-4 


65 

Boothby-Berkson -Dunn 
(MaJ^o Foundation). 

- 9*7 

- 25*1 

i 

i 

+ 6-7 j 


6-7 

± 0-5 

1 

j 

|- . 70 
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60 normal Indian men. Their ages ranged from 20 to 49 years. The open-circuit 
method employing Tissot type gasometer was used for measuring the gas exchange 
and the first satisfactory determinations were used to establish the rate. The 
findings are summarized above. 

2. It is shown that the mean basal metabolic rates reported so far in the 
literature for normal Indian men, either originally calculated from the averages 
of successive determinations or corrected to correspond to that basis if originally 
calculated from the lowest of several readings, lie between — 7*0 per cent and 
— 9-5 per cent by the Aub-Du Bois standard. Our finding of — 8'0 per cent based 
on the first determinations is very close to these figures. The small difference is 
due to the fact that other workers whose rates differ from ours employed closed- 
circuit methods for their determinations and used a uniform respiratory quotient 
of 082 for their calculations. 

3. It is suggested that the low basal metabolic rate in the case of normal 
Indian subjects ( — 8‘0 per cent by the Aub-Du Bois standard) is due to 
the very low protein content of the usual Indian dietary and is not due to 
racial or climatic factors as such. 
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STUDIES ON HEMOLYSIN OF COBRA VENOM. 

Part I. 
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Amongst the earlier workers who claimed to have separated hsemolysin from 
neurotoxin the following names might be mentioned. Kyes (1903) claimed to 
have separated hsemolysin from neurotoxin by combining it with lecithin and 
termed the resulting compound a lecithide. Later workers, however, have shown 
that an active ksemolysing agent (lyso-lecithin) is formed by the interaction 
of venom with lecithin, which can hsemolyse in the absence of both of them. 
Flexner and Noguchi (1905) separated hsemolysin by adsorption with appropriate 
red blood cells. But this method is unsuitable, since it requires the addition of 
unknown quantities of protein substances. Dunn (1934) observed that crotalus- 
adamanteus venom acting on cephaline produces intensely haemolytic substances. 
He separated an active ‘ cephalinase ’ from crota-adamanteus venom with strong 
haemolytic but no proteolytic activity. The haemolytic activity in this fraction 
was of the same order as that of cephalinase. Ganguly and Malkana (1936) and 
Ghosh and De (1937a) have shown that by treating cobra-venom solution with 
sodium chloride the whole of the haemolysin is precipitated and this precipitate 
is free from neurotoxin. Ghosh and De (loc. cit.) purified it further by heating 
at 86°0., a faintly alkaline solution of the precipitate and finally by cataphoresis 
of the solution obtained after heat coagulation. For the same protein content 
the hsemolysin fraction so obtained was four times more active than the crude 
venom. In this paper the results obtained by the author in an attempt to purify 
the hsemolysin still further are recorded. J 
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Measurement op hemolytic activity. 

Slotta et al. (1937) measured tlie haemolytic activity of venoms by adding the 
solution of venom to a mixture containing buffer, lecithin, and horse red blood cell 
suspension. The minimum amount in y which hsemolysed the mixture in two 
hours was taken as the lecithinase unit. The method employed by the author was 
similar to that of Slotta et al. Four c.c. of blood from the heart of guinea-pigs were 
taken in 1 c.c. sterile 10 per cent sodium citrate solution to which 15 c.c. buffered 
saline solution (8T g. NaCl + 1T9 g. anhydrous CH 3 COONa adjusted to desired 
pH with acetic acid) were added and the mixture centrifuged to separate the cells. 
The cells were then washed four times with the same saline (60 c.c.). The solution 
of venom and all dilutions were made in saline of definite hydrogen-ion concentra- 
tion. The reaction of the medium was adjusted within the range pH 7 - 4 to pH 
7'6 because it has been found to be the optimum condition for htemolytic activity. 
To 03 c.c. of solution of cobra venom were added 50 y of the best quality of 
egg lecithin freshly emulsified in 02 c.c. of buffered saline and 1 c.c. of 5 per cent 
suspension of washed red blood cells of guinea-pigs and incubated at 37°C. Ten 
y of crude venom requires about 30 minutes for the complete lnemolysis of the 
cells, and for convenience it was taken as the unit of hsemolysin. For 
determining the hemolytic activity of different fractions, graded amounts of 
theta were set up against 10 y of crude venom and the tube in which haemolysis 
occurred as in the standard, was noted. 

First method op purification. 

When methyl alcohol was added to a solution of cobra venom the major 
fraction of the protein was precipitated. This precipitate contained a small 
amount of haemolysin, the major amount being present in the supernatant 
liquid. The precipitate formed was colloidal in nature and it was difficult to 
centrifuge it out. If the precipitation was effected in presence of sodium 
chloride, the precipitate formed was coarse and easy to centrifuge. More- 
over the addition of the salt caused the precipitation of a greater amount of 
protein without much loss of hsemolysin. The optimum concentration of the 
salt in the solution of venom required for the precipitation of inert proteins was 
found by trial to be 8-0 per cent. Precipitation at different hydrogen-ion con- 
centrations was also carried out to find out the conditions under which the 
maximum recovery of the hsemolysin with the maximum elimination of inert 
proteins occurs. It was observed that solutions adjusted to pH 2-6 to pH 3-0 
gave the desired results. 

(a) The first stage of removal of inert proteins by precipitation with 

methyl alcohol. 

A one per cent solution of venom was prepared in 8 - 0 per cent sodium-chloride 
solution. Aliquot portions of it were transferred to different flasks and adjusted 
to different hydrogen-ion concentrations by the addition of minimum quantity of 
hydrochloric acid. Two c.c. fractions from each of them were transferred to a 
series of stoppered measuring cylinders. They were kept in the frigidaire for one 
hour ; after this period 12 c.c. of cold methyl' alcohol were added to each of them. 
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After one hour the supernatant liquid was separated by centrifuging. The 
soluble fraction was dried in a vacuum desiccator. The protein content and 
the hamiolytic activity were determined in each fraction. 

Table T. 

One mg. of the crude venom contains 100 units 
of hcemolysin. 


i 

pH of the venom I 
solution. 

Protein 
in mg. 

Hmmotysin 

units. 

2*2 

i 

7-08 

| 

1,860 

2*6 

C-G2 

1,730 

3*0 

5*33 

1,650 

3*6 | 

4*95 

1,400 

4*6 j 

4*12 

1,230 

5*8 j 

1 3*24 

| 1,060 


[b) Secotvl stage of purification with acetone. 

For further purification, the precipitate obtained from 100 mg. of venom by 
treatment with alcohol was taken up with 10 c.c. of water, adjusted to pH 5 - 0, and 
kept in the frigidaire for 30 minutes. Fifteen c.c. cold acetone were then added 
to the solution and kept for another 30 minutes in the frigidaire ; this precipi- 
tated further portion of the inactive proteins. The precipitate was separated by 
centrifuging. The supernatant solution was again treated in the cold with 50 c.c. 
of cold acetone ; the precipitate formed was sticky and adhered to the sides of 
the flask. The solution was centrifuged and the precipitate from the centrifuge 
tube and the flask was dissolved in 5 c.c. water and evaporated to dryness in 
a vacuum desiccator. 

This fraction contained 10-45 mg. protein and 7,550 units of hasmolysin. 


(c) Third stage of purification by adsorption on various adsorbents. 

It has been shown in a previous paper (De and Ghosh, 1937) that Fuller’s earth 
and iueselguhr adsorb less of haemolysin and more of protein from a solution of 
venom than many other adsorbents. Attempts were, therefore, made to remove 
the inert proteins by adsorbing them on such adsorbents. Other adsorbents tried 

SativilySged) ’ ^ Car,Xm8 ‘ e ’ ^ (3) ^ h -'' dro * ide 

Starting with 100 mg. venom the final product obtained after acetone nrecini- 
tation was dissolved in 10 c.c. of 0*9 per cent sodium-chloride solution and^o thL 
were added weighed amounts of each adsorbent suspended in 10 c.c. water and the 
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mixture shaken for one hour in the shaker. The adsorbent was then removed by 
centrifuging. The protein content and the hsemolysin units determined in the 
supernatant liquid separated from each adsorbent. 


Table II. 


Experiment 

number. 

Adsorbent. 

I 

Amount of 
adsorbent 
in mg. 

Contents of supernatant 

| LIQUID. 

Protein in 
mg. 

Hremolysin 

units. 

1 1 

Fuller’s earth 

200 1 

8*14 

7,040 

2 

Kieselguhr 

200 

8-45 

7,550 

3 

Merck’s charcoal 

200 

6-40 

5,480 

4 

Barium carbonate . . 

200 

7-82 

5,820 

5 

Ferric hj^droxide 

48 

5-88 

6,500 


From Table II it is observed that using ferric hydroxide as adsorbent the 
maximum purification is achieved. By this method a purified hsemolysin fraction 
was obtained, the activity of which was, weight for weight, 11-06 times greater than 
that of the crude cobra venom. 

Second method op purification. 

It has been shown by Ghosh and De (1937a) that the major portion of the 
hsemolysin can be separated from the neurotoxin when solid sodium chloride is 
added to a venom solution, so as to bring the concentration of the salt in the solu- 
tion to 20 per cent. Further purification was possible by heating the product in a 
faintly alkaline solution. Attempts were made to find out more efficient methods 
of purification. It was found that if the precipitate obtained from 22 per cent 
solution of sodium chloride is dissolved in water and treated with metaphosphorie 
acid, the major part of the inert proteins was thrown down, leaving the hsemolysin 
in the solution. 


Procedure which was finally adopted for the purification op 

HH3M0LYSIN. 

To 200 c.c. of 0-5 per cent cobra-venom solution was gradually added 40 g. 
solid sodium chloride. The mixture then kept in the thermostat at 37°C. for one 
hour. The precipitate was separated from the solution by centrifuging and was 
washed in the centrifuge tube with 20 per cent sodium-chloride solution. The 
precipitate was then dissolved in 100 c.c. of water. This fraction contained 388- 6 
mg. protein and 92,500 units of hemolysin. 
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' To the above 100 c.c. solution, 5 g. of metaphosplioric acid, freshly dissolved 
in 20 c.c. of water, were added and the mixture allowed to stand for 30 minutes at 
37°C. for complete precipitation. The precipitate was separated by centrifuging. 
This precipitate contained a very small quantity of hsemolysin. As the phosphoric 
acid interferes with the estimation of harmolysin it was removed as follows : — 

To the supernatant liquid was added 5 c.c. of 10 per cent sodium tungstate 
and 5 c.c. of § normal sulphuric acid and it was kept at37°C. for 15 minutes. The 
precipitate was separated by centrifuging and washed thrice with a solution con- 
taining per every 100 c.c. 5 c.c. of 10 per cent sodium tungstate and 5 c.c. of f normal 
sulphuric acid. The precipitate was then dissolved in water by the addition of 
N/5 NaOH, the reaction of the solution being finally adjusted to pH 9-2. The 
tungstic acid was removed by the addition of slight excess of barium chloride, the 
pH being maintained in the same region by the addition of barium hydroxide. • The 
supernatant liquid was separated from the precipitate by centrifuging and the 
excess Ba-ions removed by adding the requisite amount of sodium-sulphate 
solution. The solution was then evaporated to dryness. This product contained 
1 11*7 mg. protein and 75,200 units ot lnemolysin. 


Extraction with cold pyridine. 


The above precipitate was dissolved in 5 c.c. water and then precipitated in 
the cold with 20 c.c. of pyridine cooled to 4°C. The precipitate formed was separa- 
ted from the supernatant liquid by centrifuging and it was found to be inactive. 
The supernatant liquid was dried in vacuum. This procedure purified the 
hsemolysin a little further, e.g., 65-2 mg. protein was associated with 65,850 units 
of hsemolysin. 

As it has been shown in the first method that ferric hydroxide adsorbs more 
of the inert proteins than hsemolysin, so the pyridine extract was treated with ferric 
hydroxide. Adopting the same method as described before the whole amount of 
hsemolysin was concentrated in a protein fraction which constitutes only 8-32 per 
cent of the crude venom. Therefore a purification of 11-3 times of the hamiolvqin 
traction has been enected. 


This purified hsemolysin was subjected to cataphoric experiments with the 
object of purifying it still further. The apparatus and arrangements used were 
the same as described in a previous paper by Ghosh and De (19376) Ho further 
purification of the hsemolysin fraction was, however, possible over the whole ranee 
of pH 2-0 to pH 9-6. The hsemolysin migrated to the cathode even when the 
reaction of the solution was pH 9-6 showing it to be basic in nature 


Summary. 


H«m°lysin of cobra (Naja Naja) venom has been purified bv two different 
“ a co “ iott ° f ' «««<«. 


sm 


The first method consisted of precipitation with methyl alcohol then t™ +• i 
precipitation with acetone followed by the removal of factional 

adsorption on ferric hydroxide gel. the mert Interns by 
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The second method consisted of precipitation with 20 per cent sodium chloride 
and then precipitation by metapliosphoric acid and lastly extraction with cold 
pyridine. 
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The high incidence of sandfly fever during the hot weather amongst troops in 
Peshawar and adjoining areas on the North-West Frontier Province presents a 
problem of considerable importance to the medical authorities, and in recent years 
the disease and its vector, the P. papatasii, have been the subject of several special 
inquiries. An investigation was carried out in Peshawar in 1925 by a Commission, 
the results of which have been reported by McCombie Young, Richmond and 
Brendish (1926), and further investigations, chiefly on the bionomics of sandflies 
and the methods of their control, were made by Puri (1934, 1935) at Landi Kotal 
in the Khyber Pass, 29 miles from Peshawar. 

There still remain many points to be cleared up with regard to sandfly fever 
in the area and, in association with an investigation into the virus of the disease, 
observations were again commenced in 1938 on points in connection with the epi- 
demiology of sandfly fever, bionomics of sandflies, and control methods, an account 
of which is given in this communication. 


Epidemiological observations. 

Sandflies were already present when the Inquiry was commenced on the 1st 
April, 1938, and as the first case of sandfly fever occurred on the 8th April it 
appeared that infective flies must have been present at the end of March. Cases 
, continued throughout the hot weather up to the end of October. The number of 
sandflies decreased considerably by the end of October and on the 7th November 
an experienced collector obtained only 11 flies in upwards of one hour’s work. 
Three days later, on the 10th November, no adult flies could be found. 

( 537 ) ’ 
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A spot map was prepared to show the distribution of cases 'in 1937, and was 
maintained throughout 1938, and a study of their distribution showed certain 
irregularities in incidence which were the subject of further investigation. 

In Gough Lines, occupied by the 16th Light Cavalry, there were, in 1937, 
16 cases of the fever among the Sowars of the Regiment, of which 13 occurred in one 
Squadron (B). The Lines were inspected and no obvious cause for this noted, but 
on inquiry it was learned that, while the remainder of this Regiment is recruited 
from around Meerut and from Jaipur and Alwar States, B Squadron obtains its 
personnel from Jodhpore, which is situated well away from the ‘ sandfly areas ’, 
as defined by Rogers and Megaw (1930). Tills was borne out in 1938, when the 
number of cases in the Regiment was 8, of which 6 came from B Squadron. This 
Squadron’s stables lie about twenty yards from, and on the windward side of the 
men’s barrack rooms, so that the ‘ animal barrier ’ appears to provide incomplete 
protection. This fact, which endorses the views of Chandler (1936), is not unex- 
pected, as P. papatasii is believed to be essentially, if not entirely, a human blood 
feeder. 

A rather similar observation was made in Edwardes Lines, occupied by the 
2nd-19th Hyderabad Regiment, where the figures, by Companies, were as follows : 
In 1937, A— 13, B— 3, C— 3, D (S)— 0, H.Q.— 13 ; total— 32. In 1938, A— 6, 
B — 4, C — 4, D (S) — 1, H.Q. — 2 ; total — 17. Here again an inspection on the 
ground provided no clue to the cause of the unequal distribution, and inquiry 
was made into the ‘ geographical factor ’. It was learned that A Company and 
one-third of H.Q., who jointly provided three-quarters of the cases, consist 
of hillmen (Kumaonis), while the remainder of the Battalion come from the 
plains of the western part of the United Provinces. 

In Connaught Lines, occupied by Nos. 15 and 29 A. T. Companies, R. I. A. S. C., 
rather more detailed investigations were carried out. These two Companies, 
each of a strength of 230 I. 0. Rs., live in adjacent barrack buildings of precisely 
similar type and. under identical conditions. As neither Company was in Peshawar 
in 1937, comparative figures for that year were not obtainable, but at an early date 
it was evident that cases were occurring in much larger numbers in No. 15 Company, 
i.e., by 20th May six cases, as compared with one in No. 29 Company. A squad 
of sandfly collectors was organized from the Companies, and carried out a survey 
over four days. The average number of flies, per hour, caught by each man in the 
two areas was as follows : No. 15 Company — 18-7 ; No. 29 Company — 15-0. These 
figures are higher than in other Lines similarly surveyed, but this was not due to 
any slackness in carrying out routine precautions which were, in fact, particularly 
strictly enforced in both Companies. The Lines are situated adjacent to the peri- 
meter wire, and just outside are a number of houses of ‘ katcha ’ construction, 
whose mud walls contain many cracks and would appear to afford ideal breeding 
places for sandflies. The slightly higher figure for No. 15 Company was insufficient 
to account for the unequal incidence of the fever, and the area was kept under 
observation for the rest of the hot weather. During the month of May, No. 15 
Company was engaged on military training and No. 29 on station duties, which are 
less strenuous and involve less hardship on the men. These duties are interchanged 
at the end of every month. A record was kept of the date of onset of each case of 
the fever, to determine if this change of duties coincided with a change in the 
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incidence rate, and so suggested the existence of a * physical strain ’ factor. A 
record was also kept for each case of his place of birth and length of service, in 
order to investigate the * geographical factor ’, and also to detect any special 
tendency to the disease among either recruits or old soldiers. 

The final figures showed a total of 1G cases in No. 15 Company, and 6 in No. 29, 
equivalent to G9-G and 26-1 per mille respectively. The ratio per thousand for 
Indian troops in the whole of Peshawar was 17'G. Of these 22 cases, 20 were 
hillnlen, mostly from the Kangra valley and Poonch State, while the remaining 
two were semi-hillmen, from the Hazara district. Their lengths of service varied 
considerably as follows : Up to 3 years — 10 ; 4 to G years — nil ; 7 to 10 years — 4 ; 
11 to 13 years — 8. The incidence during the two different types of duties was as 
follows : Military training — 10 ; station duties — 12. It would appear that the 
‘ geographical factor ’ is the only one that has a direct bearing on the incidence of the 
fever, and the higher incidence in No. 15 Company seems to be explained by the fact 
that its personnel contains a larger proportion of men drawn from hill races. 

It has frequently been noted that there is a high incidence of the fever in Gurkha 
battalions, when stationed in sandfly areas, and these observations suggest that 
this is probably equally true of other hill races who seem to enjoy a much lower 
degree of immunity than the plainsmen of Northern India. The exact reason for 
this immunity is still a matter of conjecture, and there is no evidence to show whether 
it is of an inherited or an acquired nature. 

Among British troops the incidence, as was expected, was considerably higher 
than among Indians. The only problem presented was in Maude Lines, and is 
dealt with at a later stage in these notes. 


Observations on the bionomics op P. papatasii. 

Breeding of sandflies in the laboratory. 

At first, efforts at breeding the flies in the laboratory were unsatisfactory and 
it was not until the Inquiry’s insect collector had been sent to the Pasteur Institute, 
Kasauli, for ten days’ special training, that this was carried out successfully. Two 
methods were used. One was similar to that used at the Calcutta School of Tropical 
Medicine and described in the report of the McCombie Young Commission, in which 
a wide-mouthed vessel of unglazed clay is half-filled with a mixture of desiccated 
rabbit faeces and dried earth. Above this is placed a layer of wet mud, which is 
incised crucially, and the vessel is placed in the sun for several hours. This causes 
the mud to bake dry and to crack along the lines of incision. The mouth of the vessel 
is then closed with a piece of butter muslin, under which one or more fed females 
are introduced. After some days these females will deposit their eggs in the recesses 
of the cracks. In the second method, fed females are preserved in an inverted 
test-tube, fitted with a plug of well-moistened cotton-wool, for some davs until 
ovulation has taken place. The plug is then removed and the eggs are washed off 
with a stream of water from a wash bottle, on to a circle of filter-paper, three inches 
in diameter. This paper is placed in a small shallow dish of unglazed ’pottery and 
on it are placed a small quantity of desiccated rabbit feces and a pinch of powdered 
dried blood. In both methods the requisite moisture is provided by standing 
the vessel or dish in a metal tray, containing well-moistened sand or coarse earth. 
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The former method provides conditions more nearly akin to Nature, and is 
to be preferred when flies are required in large numbers. The latter method makes 
it possible to observe the various steps of metamorphosis and enables specimens 
to be removed for examination at any desired stage. 

Female flies were, on several occasions, fed on volunteers, for breeding purposes. 
It was observed that an interval of more than five minutes elapses between the 
cessation of feeding and the feeling of irritation at the site of the bite. 


Effect of temperature on breeding. 

The relation between the length of time required for complete metamorphosis 
of P. papatasii, and the environmental atmospheric temperature, was illustrated by 
observations on some artificially-bred flies. Several fed females were introduced 
into a breeding vessel on 20th July, and hatched out adults made their appearance 
on 20th August, i.e., after 31 days. During this period the temperature in Peshawar 
varied very little and the daily average range was maximum 100°F. to 107°F., 
minim um 80°F. to 84°F. A second batch of fed females were similarly put down on 
28th August and hatched out adults did not appear until 25th October, i.e., after 
60 days. A third batch, put down on 7th September, showed hatched out adults 
on 26th October, after 49 days. The temperature in Peshawar on 27th August 
was maximum 100°F., minimum 82°F., following which it dropped fairly steadily, 
and during the seven days immediately previous to 25th October, it declined from 
maximum 93°F., minimum 79°F. to maximum 80°F., minimum 51°F. 

These observations bear out the remarks of Chandler that the time required 
for metamorphosis varies directly as the environmental temperature. The tempera- 
tures recorded above were obtained from the Royal Air Force Meteorological Office, 
Peshawar. Humidity readings were not obtained as the breeding vessels were kept 
surrounded by water, and their environmental humidity was probably considerably 
higher than that of Peshawar generally. 

Height to which sandflies can fly. 

This work was prompted by certain remarks of Chandler, to the effect that 
‘ . Boyd’s report of Officers in North-West India, being bitten by sandflies 

on a roof 40 feet above ground, appears to require confirmation Phillips (1923) 
states that, in Egypt, persons sleeping on the upper stories of buildings enjoy 
immunity from the bites of sandflies. In a personal communication Lieut. -Colonel 
Shortt has informed me that he has caught sandflies at the tops of trees in Assam. 

The site selected for the work was a two-story barrack building occupied 
by the 8th Anti-Aircraft Battery, Royal Artillery. This Unit’s Lines consist of 
two double-story buildings, placed end to end, each about 120 yards long and lying 
150 yards apart. Their lower stories are about 20 feet high and the upper 25 feet. 
Their long axis runs north-east to south-west. Both floors have an outer verandah 
on the south-east side and the upper floor has, in addition, on the north-west side, 
an inner verandah on which men were sleeping. 

At the commencement of the investigation, the strength of the Unit was about 
210 B. O. Rs., of whom 180 were sleeping on the upper story and 30 on the lower. 
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Work was carried out on three lines, viz., the use of a simple form of light trap, the 
actual catching of sandflies by hand, and the observation of the incidence of the 
fever among the personnel sleeping on each floor. 

The light traps consisted of ordinary electric bulbs and their shades, well greased 
with vaseline, and left burning all night on each of four successive nights (May 3rd 
and 4th to 6th and 7tli, inclusive). The total catch on the upper floor was 2,360 
insects, and on the lower 1,840, of which the numbers of P. papalasii were 
129 and 111 respectively. 

In September, as a final measure, another simple type of light trap was placed 
on an exposed platform at a height of 75 feet, on each of three nights. This trap 
consisted of a hurricane lamp, placed in the centre of a square board, on which 
four fly papers were fixed with drawing pins. On the three nights, out of a total 
of 780 insects caught, six were P. papalasii (two males and four females). The 
weather on each of these three nights was fine, dry, and warm. 

The catching of flies by hand was carried out, morning and evening, over four 
days in the middle of May. The average number caught each day, expressed in 
‘ man-hours ’, was : Upstairs 16, downstairs 10-6. The upper floor yielded a larger 
* bag ’ on all days except the last, when there was a very considerable wind, and the 
majority of the flies appeared to be driven down to the comparative shelter of the 
lower floor. 

At the conclusion of the season, figures for the incidence of the fever on both 
floors were obtained, and are set out below in tabular form. Nearly three-quarters 
of the personnel of the Battery left for the hills at the end of May, and its strength 
was reduced from 210 to 60. This hill party did not return until the 10th October, 
nearly four weeks after the last case of sandfly fever from this Unit was admitted 
to hospital. Table I shows the average number of men sleeping on each floor 
during each month, and the number of cases of the fever which occurred : — 


Table I. 



PERSONNEL SLEEPING. 

Month. 

Upstairs. 

Downstairs. 


Number of 

Number of 

Number of 

Number of 


men. 

cases. 

men. 

1 cases. 

April 

180 

i ! 

30 

1 

May 

180 

9 

30 

0 

June 

60 

4 

• • 

. . 

July 

60 

2 

.. 


August 

60 

2 



September . . 

60 

2 

•• 

i 

! 
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The incidence rate among men sleeping on the upper floor did not differ 
markedly from that of other British Units in Peshawar. The figures are small, 
and in some degree inconclusive, on account of the absence of controls (in the 
form of men sleeping on the ground floor) during the four later months. They 
serve however to show that sandfly fever does occur among persons sleeping at a 
height of 20 feet above ground, This fact together with the knowledge that the 
flies themselves exist in large numbers at this height, and can be found at a height 
of 70 feet, indicates that there should be no relaxation of precautions on the part 
of individuals whose sleeping places are on roofs or upper stories. 


Effect of wind on the flight of sandflies. 

With the co-operation of Plight-Lieutenant L. H. Starr, Meteorological Officer, 
Royal Air Force, some work was carried out early in October, to ascertain what 
was the minimum wind speed against which sandflies could not fly. The 
apparatus used consisted of a horizontally placed glass cylinder, five inches 
long and four inches in diameter, one end of which was closed with mosquito 
netting. A stream of wind was blown through the cylinder and its velocity 
measured at either end by means of an anemometer. The mean of these 
two velocities was taken as the velocity within the cylinder. Single speci- 
mens of P. papatasii were released inside the cylinder, and their behaviour in 
relation to various wind velocities noted. It was found that the maximum 
speed against which a fly could just make some headway was in the 
region of 1*6 m.p.h., while the minimum speed against which it could 
not fly was in the region of 1*8 m.p.h. Tn practical language this last speed is 
approximately equivalent to the current of air produced by an ordinary table fan, 
revolving at its slowest speed, at a distance of six to seven feet. The mosquito 
netting at the end of the cylinder did not, of course, prevent the escape of the flies, 
but served to delay them sufficiently for it to be gauged whether they were 
making any headway against the wind. It is to be emphasized that this work 
was carried out under conditions rather different from those in Nature, i.e., 
the tests were performed in the day-time, when sandflies are possibly more 
sluggish than at night, and secondly no bait was provided to stimulate the flies 
to extra efforts. These facts should be borne in mind in the practical applica- 
tion of the results, and a margin of safety allowed. 


Control measures. 

It is becoming increasingly evident that of the various preventive measures in 
force hi Peshawar and Landi Kotal, few are of greater importance than the proper 
supervision of unoccupied buildings, whether ruinous or otherwise. Ruined 
buildings, especially those built of mud, invariably contain large numbers of cracks 
and fissures which form potential breeding places for sandflies, and such buildings,* 
if in the neighbourhood of occupied premises, should be either demolished, or very 
thoroughly renovated. Unoccupied buildings, although otherwise in a fair state of 
repair, if not overhauled periodically, are liable to develop cracks in their walls in 
which sandflies may shelter and breed. An example of this occurred in Maude 
Lines, occupied by the 27th-28th Medium Battery, R. A. It was noticed, in May, 
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that the incidence of the fever from the whole Battery was above the average of 
the station, and that the majority of the cases were occurring in one particular 
barrack room. Investigation showed that the most probable cause of this was the 
presence of an empty building, whose fireplaces and inside walls were in a neglected 
state, and were found to contain many sandflies. This building is situated about 
70 yards away from the more heavily affected barrack room. Steps were taken 
vto have this building overhauled, and necessary repairs carried out, and resulted 
in a very definite improvement. 


Treatment of breeding places with a larvicidal solution. 

Reports by other workers on the treatment of breeding places with larvicides 
indicate varying degrees of success. Puri tested thirteen different preparations 
on artificially made breeding places at Landi Kotal and Karnal, and found that 
carbon bisulphide emulsion was the only one which proved effective in every case. 
Mehta (1935) reports favourably on the use of carbon bisulphide emulsion, diluted 
1/200 with water and sprayed on likely breeding places in the amount of one quart 
per square foot. Smith, Mukerjee and Lai (1930) sprayed proved breeding places 
of P. argentipes with two larvicides, i.e., {i) Necrosene, and (n) a crude oil and 
kerosene mixture. In the laboratory the results were very satisfactory, but when 
sprayed on proved breeding sites in Nature and the surrounding areas, the solutions 
were less effective, and the numbers of sandflies in neighbouring houses and cattle 
sheds were unaltered. 

As a disinfectant agent, on this occasion, it was decided to use a solution of 

naphthalene, which has a high insecticidal power. Besides its familiar domestic 

use against moths, it was used extensively in l^jie Great War (in the form of N. C. I. 

powder) against louse infestation. McKenny Hughes (1937) reports successful 

results when this substance (in the form of heavy naphtha) is used against bed 

bugs. 

* 

Preliminary experiments were made with various solvents. At room tem- 
perature, naphthalene was found to be soluble as follows : methylated spirit 6 per 
cent ; absolute alcohol 8 per cent ; kerosene 15 per cent ; petrol 20 per cent ; carbon 
tetrachloride 40 per cent. After heating to 75°C., its solubility in methylated spirit 
and carbon tetrachloride was 50 per cent and 70 per cent respectively. Efforts 
were made to increase the quantity of naphthalene dissolved by making up satu- 
rated solutions in kerosene, at room temperature, and adding 1/1 0th the volume of 
a concentrated solution of naphthalene in carbon tetrachloride, at 75°C. This was 
unsuccessful as the excess naphthalene crystallized out on cooling. It was finally 
decided to use a concentrated solution of naphthalene in kerosene as a basis with 
the addition of small quantities, of petrol and carbon tetrachloride. The former 
of these was expected to give increased volatility and power of penetration into 
small cracks, while the latter should, in some degree, decrease the inflammabilitv 
In addition, both substances were expected to increase the percentage of 
naphthalene dissolved. ° 

The conditions required for a suitable venue for this type of work are a well 
isolated building, at least 100 yards from any other occupied premises, with a large 

j, me 5 8 
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sandfly population, and a fairly liigli incidence of the fever among the inmates. 
After a search, a place which seemed to produce these criteria was found in the 
British Infantry Barracks at Nowshera Cantonment, 28 miles from Peshawar, 
consisting of a medium-sized double-story building, occupied by a detachment, 
about 100 strong, of the 1st Dorsetshire Regiment. This building occupies three 
sides of a square, each side of which is about 80 yards, and the nearest occupied 
premises were, at the time, about 150 yards away. The surrounding terrain is 
bare and stony and appeared unlikely to provide an excessively large number of 
breeding places for sandflies. This building was used as a test area and another 
barrack, about one and a half miles away, occupied by the 7th Field Battery, 
R.A., was selected as a control. 

A squad of six B. 0. Rs. from the Dorset shire Regiment, to act as sandfly 
collectors, was placed at the disposal of the Inquiry and, after preliminary training, 
both the test and control areas were surveyed. The larvicidal solution was made 
up in four gallon drums, each of which contained the following : — 

lb. 

Kerosene, 3rd grade . . . . . . 35 

Naphthalene, powdered . . . . . . 5 

Petrol (•£ gallon) . . . . . . 2l 

Carbon tetrachloride . . . . . . -1- 

Tliis solution contained rather more than 13 per cent of naphthalene. 

The treatment of the test area was carried out on 1 st August. Two men were 
detailed to go over the interior of the main building and also various small buildings 
in the neighbourhood, used as store ro.oms, bicycle sheds, etc., and to spray all cracks 
and interstices on the inside walls very thoroughly with hand sprays, filled with the 
solution. On the ground outside a perimeter was marked out at a distance of 
120 yards from the main building, to allow a liberal margin over the theoretical 
range of flight of P. papatasii, which is believed to be between 50 and 80 yards. All 
likely breeding places within this perimeter were treated with solution, by pouring 
it on freely, so as to saturate the ground. Particular attention was paid to places 
where the soil was loose, to the sides of culverts and drains, and to tine sides of 
houses, especially at the junction of wall and ground. The amount of solution 
thus used was 32 gallons, this being all that had been made up. 

Six weeks later, on 15th September, this treatment was repeated, using 40 
gallons of a plain solution of naphthalene in kerosene, that had been allowed to 
stand for three days (it having been noted that, at room temperature, naphthalene 
is fairly slowly soluble in kerosene). The strength of this solution was about 12 
per cent. It probably would have been preferable to carry out this second treat- 
ment after an interval of four to five weeks, but this was prevented by the demands 
of other portions of the Inquiry. 

Periodic surveys were performed on both test and control areas, and the 
numbers of sandflies caught are shown in Table II ; in the final column of this 
table, the figure for the test area is expressed as a percentage of the nearest 
control area figure. 
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Table XI. 


Numbers of sandflies 

caught in test and control areas, during 
of observation. 

Bate. 

Test area. 

Control area. 

Test as 
percentage 
control. 

31-7-38 .. 

31 

•• 

42 

1st 

application of solution on 1-8-38. 

2-8-38 . . 


75 


24-8-38 . , 

43 

• • 

63 

2 6-8-3 S . , 

• . 

68 

•• 

9-9-38 . . 

90 

• • 

42 

10-9-38 . . 

108 

• • 

48 

13-9-38 .. 


219 

• * 

14-9-38 . . 

199 

•• 

90 

2nd application of solution on 15-9-38. 

20-9-38 . . 


316 

.. 

21-9-38 . . 

139 


44 

28-9-38 . . 

98 

• • 

48 

30-9-38 , . 

. . 

209 

• *■ 

3-10-38 . . 

101 

• • 

50 

5-10-38 . . 

•• 

203 



The weather during almost all this period was hot and dry. There were 
two wet days on 29th and 30th August and some rain on the morning of 21st 
September. 

The figures in this table show no evidence of a decrease in the number of flies 
in the test area, as compared with the control area. Column 4 shows that, 
with one exception, the test area figure, regarded as a percentage of the control 
varied very little. ' 5 
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The figures for the incidence of the fever in both areas were obtained, and are 
summarized in Table III : — 


Table III. 


Showing the average number of hospital admissions for sandfly fever, 
per 1,000 men, each iveek. 


Period. 

Test unit. 

1 Control unit. 

i 

Whole station. 

Pre- observation (IStk April to 
31sb July). 

2*44 

11*75 

4*46 

Observation (1st August to 5th 
October). 

0*44 

4*22 

1*44 

Post-observation (6th October 
to 11th November). 

1*25 

1*60 

1*33 

L 


These figures provide no evidence of a reduction in the incidence of the fever 
in the test unit, as a result of the treatment of the soil, particularly when it is 
stated that the detailed figures for the weekly admission rate in Nowsliera, and 
for most stations in the Peshawar district in 1938, showed a large number of cases 
from mid-April onwards, up to a peak point about the end of June. Following 
this was a gradual decline until early in October, succeeded by a small secondary 
rise during the next four or five weeks. This small secondary rise towards the end 
of the hot weather has also been noted in the incidence tables of other vears. 
It may be connected with the return to the plains of numbers of troops/ who, 
having spent several months in the hills, are less ‘ salted ’ against the disease, and 
also less well versed in the various protective measures. This view is supported 
by the fact that three cases of the fever occurred in the ‘ test ’ unit of the present 
investigation, between the 9th October and 7th November. Each of the three 
individuals concerned had returned to the plains on 5th October after a period of 
four to five months in the hills, at Cherat. 1 

Simultaneously with this work in Nowshera, the larvicidal power of the naph- 
thalene in kerosene solution was tested against some 'laboratory-bred sandflies. The 
solution was applied to artificial breeding places, by two methods, viz. : 

(a) Spraying from a hand sprajL 

(b) Pouring it on so as to saturate the soil. 


In both cases, no adult flies emerged from the treated breeding jars but from 
an untreated control, adults emerged. This test was carried out in duplicate with 
identical results. In one set of breeding jars, the fed females had been introduced 
five weeks previously, and presumably the pupal stage had been reached by the 
tune the solution was applied. It would thus appear that the solutibn is not 

(^patTonT^ ’ bUtW1 deStr ° 7 breeding sandflies at their most resistant stage 

In view of this, the failure of the experiment is attributed, not to the use of an 
unsuitable solution, but to the extreme difficulty of applying it to every breeding 
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place in tlie area. It also drew attention to the heavy financial effect of this type 
of work. The solution in its simplest form costs about Re. 1 per gallon and 40 
gallons appear to be insufficient for one treatment of the ground around a single 
building, on the bare and dried up terrain of Nowshera. 


Insecticidal work with ‘ Lcthane ’, distributed in a ‘ Phantomyst ’ Atomizer. 

Towards the end of the season, an opportunity occurred of carrying out some 
spraying of buildings, as an anti-sandfly measure. The solution employed consisted 
of 5 per cent * Lethane in 2nd grade kerosene, used in a ‘ Phantomyst ’ Atomizer 
Type D. This apparatus is the property of Peshawar District Headquarters and 
was placed at the disposal of the Inquiry for these tests. * Lethane (384) ’ is an 
aliphatic thiocyanate, manufactured by the firm of Charles Lenning & Co. ; it is 
distributed in India by Messrs. William Jacks, Karachi. Strother Smith (1938) 
reports it as being effective, in 3 per cent solution, against mosquitoes and house flies. 

Suitable barrack rooms, of about 3,000 cubic feet interior capacity, were selected 
and their sandfly population survej r ed by a squad of catchers. Spraying was then 
carried out for one hour (from 5 p.m. to 6 p.m.), during which time the doors and 
windows were kept closed. Later that evening, from 8 p.m. to 9 p.m., and again 
the following morning, from 6-30 a.m. to 7-30 a.m., surveys were carried out in the 
sprayed rooms, and also in unsprayed controls. A consideration of the numbers 
of flies caught at these surveys suggested that this form of treatment entirely 
eradicates all sandflies from a room for some hours, and causes a substantial 
reduction throughout the ensuing night. 

Table IY gives an example of the results obtained : — 


Table IV. 

Numbers of sandflies caught in No. 6 Bloch, Connaught Lines, Peshawar. 


Before spraying 


After spraying . . 


Date. 

Time. 

Test room. 

Control room. 

21-10-38 

a.m. 

29 

28 

•• 

p.m. 

30 

30 

24-10-38 

p.m. 

Nil 

15 

25-10-38 

a.m. 

3 

28 


During the spraying, live sandflies were placed in muslin cages near the Atomizer, 
and were killed outright, so that the solution would appear to be actively insecticidal 5 
and not merely repellent. It is possible, however, that the concentration of Lethane 
inside these cages may have been higher than in the rest of the room. 

As far as could be ascertained, none of the personnel sleeping in the treated 
room suffered any reaction from the presence of traces of Lethane in the atmosphere 
Further tests with this apparatus were curtailed, owing to the somewhat abrupt 
termination of the sandfly season. 1 
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Summary. 

1. An observation of tbe epidemiology of sandfly fever among Indian troops 
in Peshawar suggests that the hill races,' and persons coming from outside the 
‘ sandfly areas are more susceptible to the disease. 

2. The time required for metamorphosis in laboratory-bred P. papatasii 
varies considerably with changes in atmospheric temperature. 

3. P. papatasii appear capable of flying up to 70 feet above ground, and no 
evidence could be found that persons sleeping on upper stories enjoyed any protection 
against their bites. 

4. The minimum wind velocity against which P. papatasii cannot fly appears 
to be in the region of 1-8 miles per hour. 

5. A solution of naphthalene in kerosene, actively larvicidal to laboratory- 
bred sandflies, when applied to as many potential breeding places as possible within 
120 yards of an isolated building, failed to effect any material reduction in the 
sandfly population. 

6. A 5 per cent solution of ‘ Letliane (384) ’, used in a ‘ Pliantomyst ’ Atomizer, 
appeared to be efficient in eliminating P. papatasii from a barrack room for more 
than 12 hours. The ‘ Lethane’ vapour appears to be actively insecticidal against 
P. papatasii. 
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Filariasis is one of tbe most important tropical diseases distributed widely 
in all parts of India causing considerable suffering and even death by acute inflamma- 
tory attacks. The infection is caused by two species of parasites, viz., Wuckereria 
bancrofti and the adult of the Microfilaria malayi transmitted chiefly by the Culex 
fatigans and Mansonioides annulifera respectively. Both are parasites of the 
lymphatic system in man. The former infection is more widely spread and is mainly 
prevalent along the coastal regions and low-lying areas near big rivers. A survey of 
the distribution reveals that Bengal is the most heavily infected province ; Bihar, 
the United Provinces, Orissa, and Madras coming next in order. Of the other prov- 
inces, the Central Provinces and Nizam’s Dominions have isolated areas showing 
the infection, while the Punjab, the North-West Frontier Province, and Rajputana 
are practically free. Filarial infection ultimately leads to lymphangitis, adenitis, 
abscess, lymph-varix, hydrocele, chylocele, chyluria, and elephantiasis of the 
extremities and genitals by causing obstruction and damage to the lymphatic 
vessels and glands. 

Considering the wide prevalence of the infection and unsatisfactory methods 
of prevention, the treatment of filariasis by chemotherapeutic methods becomes 
an important problem. In 1929, we reviewed the existing knowledge with regard 
to the treatment of filariasis and concluded that of the number of drugs that°had 
been tried up to that time none had given satisfactory results. It may be pointed 
out here that the treatment should be directed against the adult parasites living 
in the lymphatics, as well as against the embryos which are in the blood as the 
former bring about gradual obstruction of the'' lymphatic system and the latter 
disseminate infection to others through the agency of the mosquitoes. The embryos 
are discharged by the adult worm into the lymphatic vessels whence they are 
earned to the blood stream. In the blood the microfilaria* exhibit a nocturnal 
periodicity. With the onset of filarial disease the embryos are shut out from the 

( 549 ) 
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blood circulation on account of lymphatic obstruction except in early cases of 
cbyluria. The obstruction in chyluria patients is at the juxta-aortic glands where 
free anastomosis between the glands and the cysterna chyli enables the embryos 
to reach the blood stream. It is important that the treatment for the infection 
should be carried out in the early stages before any great damage is done to the 
lymphatics. At this stage, the number of embryos per unit of blood gives a satis- 
factory idea of the influence of a drug on .the adult parasite. 

We have carried out a systematic study of the chemotherapeutics of filarial 
infection at the School of Tropical Medicine, Calcutta, for the last 10 years. Patients 
in various stages of infection were treated at the Filariasis Clinic of the School by 
drugs whose therapeutic efficacy in other parasitic diseases was well known. 
Suitable cases were admitted into the Carmichael Hospital for Tropical Diseases for 
observation and drugs were studied exhaustively for their filaricidal properties. 
Patients admitted into the hospital for infections other than filariasis in whom filarial 
infection was found subsequently, were watched for the effect, if any, of drugs 
administered for the primary infection on the filarial infection. Cases of malaria, 
kala-azar, dysentery, hookworm infection, etc., who in the course of routine investi- 
gation in the hospital showed filarial infection have in this way been studied and the 
results are discussed in this paper. 

Chemotherapeutic treatment of filariasis has not received as much attention 
as it deserves. The literature up to 1929 was reviewed in our previous paper 
(Chopra and Eao, 1929) and we discussed the results obtained with a number of 
organic compounds containing antimony, arsenic and mercury, and other synthetic 
preparations. Since then, Bose (1930) recorded liis observations on antimony, 
arsenic, mercury, and various synthetic compounds. Phelps and his colleagues 
(1931) tried intramuscular injections of chenopodium oil with encouraging results. 
Sherwani (1932) obtained satisfactory results with neostibosan in a case of chyluria. 
Ashford and Synder (1933) observed that gentian violet orally caused a di min ution of 
microfilaria) in 11 out of 13 cases in Porto Rico, van Slype (1933) in his contribution 
on gold therapy of filariasis observed that there was a marked diminution and even 
disappearance of embryos as long as the treatment lasted but they re-appeared after 
it ceased. Menon (1930) had disappointing residts with sulpharsenamide. Prontosil 
and trypaflavine (1937) have been tried without effect. Schmidt and Peter (1938) 
in their book on antimony compounds observed that fouadin is a specific in canine 
filariasis. We have during the last several years tested a number of drugs in vitro and 
in vivo in filarial infection and the results obtained form the subject of this paper. 

Studies on microeilaricidal substances in vitro. 

The effect of drugs on the life and activity of microfilariae in vitro may not be 
the same as in vivo, yet it gives some indication of the therapeutic efficacy of the 
drug as a guide for its use in human infection. It is well known that microfilariae 
in this infection appear in the peripheral blood during night and can be drawn out 
along with the blood in citrate solution for the purpose of examination. One c.c. 
of blood so drawn in citrate at midnight from a filarial carrier shows a large number 
of embryos which continue to live actively at body temperature for°24 hours 
and much longer at room temperature of 75°F. The blood so diluted is drawn by 
capillary pipette and a few drops taken on hollow ground slides are examined under 
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tlie low power (-5 objective). Such a preparation generally shows at least 10 to 15 
embryos for observation. It is, however, found that the microfilariae cluster 
together in the test-tube and it is difficult to get an even distribution of them in the 
solution. In addition to this, since the blood has to be drawn at midnight and 
kept for over 12 hours before tests are carried out, the embryos are generally found 
to be not so active as in freshly drawn blood. The embryos in blood collected at 
midnight are, therefore, unsatisfactory for the purpose of these tests. We found 
that in hydrocele fluid the state of affairs for studying the filaricidal properties of 
drugs was ideal. Microfilariae are present in filarial hydrocele fluids at all times 
and the fluid can be aspirated at any time it is required and observations can be 
made immediately. The embryos are fairly evenly distributed in the fluid. They 
are found to live for 48 hours at room temperature and their activity is not decreased 
within this period as in the case with those obtained from peripheral blood. The 
technique for observing the action of the drug on the embryos is as follows : The 
drug to be tested is prepared in various dilutions generally 1 in 100, 1 in 1,000, 1 in 
5, 000, -and 1 in 10,000 in distilled water. Glass-slides with a circular depression to 
hold the liquid are taken and in each of them equal volumes (about 0‘1 c.c. to 0 - 2 
c.c.) of freshly drawn hydrocele fluid and of the drug dilution are mixed. The 
slide is covered with a cover-glass and sealed with vaseline to prevent evaporation. 
The movements of the embryos are watched under a (f objective) every few minutes. 
Some drugs even in concentrations of 1 in 100 have no adverse effect on the embryos. 
These observations are carried out generally for two hours or longer and the results 
recorded. Some of the drugs are so strongly larvicidal that they kill the embryos in 
dilution of 1 in 10,000 in 10 seconds ; this is the case with atebrin, plasmochin and 
some others. The actual results obtained with the various drugs are summarized 
in the following table: — 

Table I. 


Shoiving the effect of the drug in different dilutions on microfilaria in vitro. 
A — active ; S = sluggish ; D = sloiv death ; K = hilled immediately. 



Dilution. 


Drug. 





Remarks. 

Fouadin 

A 

A 

A 

A 

Sluggish movement after 1 hour. 

693 (Neostibosan) 

A 

A 

A 

A 

>5 

Sdt. 561 (Bayer) 

A 

A 

A 

A 


Tristibine (Meurice) 

D 

D 

D 

K 

5 to 15 minutes. 

Stibilase (Meurice) 

D 

D 

D 

K 


* A 534 ’ (P. D. & Co.) .. 

A 

A 

A 

A 


Anthiomaline (M. A B.) . . 

A 

A 

A 

A 


Soamin 

A 

A 

A 

A 

1 hour. 

K A. B. 

A 

A 

A 

A 

Sulfarsenol . . 

A 

A 

A 

A 


Arsiminol 

A 

A ' 

A 

S 

55 

Arsjdene ‘ Roche ’ 

A 

A 

A 

A 

5? 

Carbarsone (Lilly) 

A 

A 

A 

A 

99 

Stovarsol (M. & B.) 

A 

A 

A 

1 A 

1 

Cuprochin (Meurice) 

A 

A 

S 

K 

20 minutes. 

Cuprion (Bayef) 

A 

A 

A 

, A 

Atebrin 

D 

D 

K 

K 

10 „ 
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Table I — concld. 



Dilution. 


Drug. 





Remarks. 

1/10,000 

1/5,000 

1/3,000 

1/100 


Plasmochin . . 

D 

D ! 

K 

K 

10 minutes. 

Cilional 

A 

S i 

D 

D 

^ hour. 

Prontosil (Bayer) 

A 

A ! 

A 

A 

Soluseptasene (M. & B.) . . 

A 

A 

A 

A 


Ilivanol . , . . 

A 

A ! 

S 

D 


Trypaflavine 

A 

A 

s 

D 


Cobra venom 

A 

A 

s 

D 

15 minutes = S, l hour = D. 

Russeirs viper venom . . 

A 

A 

A 

A 


None of the other organo-metallic compounds shown in Table II has any 
effect on the microfilaria? in vitro in any of the dilutions shown above. 

A perusal of Table I shows that several compounds have high filaricidal prop- 
erties in vitro. Acriflavine, trypaflavine, atcbrin, plasmochin, trystibine, stibilase, 
oxyquinoline derivatives, and gentian violet, destroy the embryos in dilutions of 
1 in 10,000 in 2 to 5 minutes and in dilutions of 1 in 100,000 in half an hour. On 
the other hand, several other drugs have absolutely no effect on the embryos even 
in concentrations of 1 in 100. 


It should be noted, however, that in vivo we cannot give very high doses of 
many drugs orally or parenterally without producing harmful effects. Most of 
the drugs administered in therapeutic doses occur in concentrations of only 1 in 
200,000 to 1 in 100,000 in the blood. In these dilutions the embryos can live in vitro 
unaffected for more than two hours. It should be noted that the above concen- 
trations are the maximum which are attained in the blood when the drugs are 
administered and that even these low concentrations do not generally last for more 
than two hours (Chopra and Roy, 193d). 

Atebrin even in very high doses in vivo is found to have no effect on the micro- 
filarise or on the adult worm. Fouadin and other antimony compounds are unable 
to kill the embryos m vitro even in high concentrations but in vivo the embrvo- 
count decreases appreciably after a few doses. 


It will be seen from the above that the studies of drugs in vitro give generally 
no clue to the antifilanal properties of the drug in vivo , as some drugs such as plas- 
mochm and acrifiavme which are lethal to the parasite in vitro have no effect 
tnmvo while other drugs, which show no lethal effect in vitro, produce appreciable 
reduction oi the embryos %n vivo . 1 1 


• Clinical trials or various druos in vilarial infections. 

„ Patients at different stages of filarial infection were treated at the Carmichael 
Hospital for Tropical Diseases with a variety of drugs including some which had 
been reported by different observers to have therapeutic value. The histories of a 
patients were recorded carefully and observations made on the microfilaria counts 
before, during, and after treatment. The general and local reactions with the drags 
tested were noted. The results of the trials are summarized in Table II •_ 8 








Table II — concld. 



58. Sod. mandalate . . ] 4 | 4 days’ course 



76. Monkey malaria (induced) . . 
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The present investigations were carried out with a view to find a drug lethal 
to filarial parasite. Temporary relief, decrease in the duration of the attacks of 
lymphangitis, temporary decrease in the number of microfilarise are not indications 
of the therapeutic value of the drug. It has to be noted that filarial infection by 
itself exhibits wide variations ; several instances are known where persons with 
microfilarise in blood remain free from lymphatic obstruction for several years. In 
some other, attacks of lymphangitis recur periodically at frequent intervals and the 
attacks decrease and disappear without treatment. Several patients have stated 
that their attacks at times occur at close intervals and later only at long intervals. 
This natural variation in filarial infection often misleads the patient and the 
physician and hence one hears unwarranted claims for several drugs as antifilarial . 
specifics. With a view to study accurately the chemotherapeutic activity of the 
drugs in this infection we have administered them to patients and have recorded 
over a long period the effects which were produced. Thus, by studying a 
number of cases in each series of experiments we were able to eliminate the 
variations in the microfilaria counts normally due to the parasite. 

The drugs selected for investigation covered a wide range. Most of them were 
chosen because of the reports in the literature as to their beneficial effects in allied 
parasitic infections. Some compounds were especially prepared by well-known 
pharmaceutical manufacturers including Bayer, May & Baker, Parke, Davis & Co., 
etc. Several drugs were included in our studies on account of their curative effects 
claimed by the patients attending the out-door department. A few of the indige- 
nous drugs were also included in the list. These were kindly prepared by Dr. S. 
Ghosh, Professor of Chemistry at the Calcutta School of Tropical Medicine. 

The results shown in Table II are briefly discussed below : — 

Antimony compounds . — Practically all available organic compounds contain- 
ing antimony were investigated. Of these Pouadin and Anthiomaline contain 
antimony in trivalent form ; the remaining compounds contain the metal in 
pentavalent form. 

Trystibine and stibilase were highly toxic, and could not be tolerated in doses 
higher than Ol g. These could be given only intravenously. Sdt. 561 (Bayer) 
is put up in clear solution in ampoules ready for use having 26 per cent antimony 
in pentavalent form and is quite non-toxic. The drug could be administered 
intramuscularly daily without causing reaction. Anthiomaline and £ 53d ’ can 
only be given intramuscularly and both of them cause severe reaction with pain 
and swelling at the site of the injection. Fouadin gave the most satisfactory result 
in filarial infection. The drug is put up in solution in rubber-capped phials ready 
for use and can be administered subcutaneously, intramuscularly, or intravenously. 
It is non-toxic. The effect of the drug on the filarial parasite appears to be only 
temporary as the microfilarise re-appear in the blood after a lapse of a few days. 
This drug is very useful in controlling the inflammation and fever in filarial patients 
for a comparatively long period of time. 

In a few cases of chyluria the urine cleared up completely even after one dose 
of this drug. 

Arsenic compounds . — Of the arseno-compounds investigated, two of them, 
soamin and arsylene, have arsenic in trivalent form. The former is a popular brand 
of arsenic compound put up in tablet form by Burroughs Wellcome & Co. It can 
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lie given subcutaneously, intramuscularly or intravenously. The practice followed 
at the School is to give a total of 20 grains of this drug in divided doses of 2 grains 
administered subcutaneously on alternate days. The drug is generally non-toxic. 
We have, however, found that on very rare occasions patients, particularly the very 
young and the aged, may exhibit toxic symptoms even after the first injection. 
It is, therefore, not advisable to administer it to such susceptible individuals. The 
belief entertained by some practitioners that the drug causes optic atrophy appears 
to be without foundation. In a very largo number of patients treated by us at the 
School with this drug not a single case of such untoward result has been observed 
so far. Although there does not appear to be any appreciable diminution in the 
number of microfilarias even after a full course, the clinical effects obtained with 
this drug are very satisfactory. In some cases the patients have remained free 
from fever and inflammatory attacks for several years after one course of soamin. 
As compared with other antifilarial drugs soamin is cheap and can be administered 
easily. It is, therefore, the most suitable among the arseno-compounds for 
treatment of filariasis. 

Arsylene * Roche ’ was formerly marketed in ampoules and was described by 
the manufacturers as equivalent to soamin. The drug has no effect on the parasite. 
Arsiminol is highly toxic. The remaining compounds novarsenobillon, sulfarsenol, 
sulpliarsphenamine, etc., are well-known preparations and are as satisfactory as 
soamin, but are much more costly. Of these sulpliarsphenamine is comparatively 
more toxic. 

Carbarsone and stovarsol given orally are effective in the treatment of amoebic 
infection. They are comparatively non-toxic. They do not have any effect on 
the parasite or produce any beneficial effect clinically. 

In general, all the above arsenic compounds have been found to improve the 
general health of the patients. 

Copper compounds . — The administration of copper containing organic com- 
pounds was taken up on account of the references in Ayurvedic literature as 
to the efficacy of this metal in the treatment of filariasis. Cuprion and Sdt. ‘ 242 ’ 
were especially prepared by Bayer for this investigation. The former is an organic 
compound in powder form and is administered diluted with sterile distilled water 
intramuscularly. Sdt. c 242 ’ is a compound containing the metal in oil, and is also 
given intramuscularly. Cuprochin prepared by Meurice (Beige) was supplied both 
in tablet form for oral use and also for intravenous administration. Of these cuprion 
was very toxic. None of these compounds gave any positive result with regard 
to the effect on the parasite. An improvement in general health of the patients was 
noticed with all these compounds. 

Ollier organo-metallic compounds . — These included organic compounds con- 
taining gold, bismuth, mercury, zinc, tin, and lead. Gold has been reported- as 
having antifilarial properties. This claim, however, has not been supported by our 
investigations. Both crisalbine and solganal B. oleosum did not produce anv 
diminution of microfilariae even after a full course of ] g. of the former and 6 g 
of the latter. As may be expected with these compounds a general tonic effect 
was observed. 
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The results obtained with bismuth compounds were similar to those obtained 
with several of the arsenic and antimony compounds. No appreciable diminution 
in the microfilarias was noticed with any of them. Similar negative results were 
obtained with the organic compounds containing mercury, zinc, tin, and lead. In 
one case severe lead poisoning resulted after the administration of 0‘5 g. of Sdt. 
‘ 302 ' (lead compound). 

Iodine compounds . — It was reported by Wood (1929) that one injection of 
sodium iodide compound given for pyelography had cured chyluria. A careful 
investigation of a number of iodine compounds was taken up but the results were 
not satisfactory. Abrodil, perabrodil, and uroselectan B are generally used for 
pyelography. In susceptible individuals iodism may appear. 

Synthetic products . — The synthetic products may be broadly classified under 
three groups : (1) compounds of the atebrin-plasmocliin type which are used for 
malarial infection, (2) compounds of the prontosil type which are used for the 
treatment of coccal infections, and (3) acriflavine compounds. Numbers 36 to 43 
in Table II belong to the first group, numbers 45 to 47 to the second group, and 
numbers 53 to 55 to the third group. None of the drugs belonging to the first 
group such as atebrin, plasmochin, tebetrin, malarcan was found to show any 
effect on the filarial infection although the embryos were killed in vitro almost 
immediately with fairly large concentrations. Atebrin and its derivatives were 
given orally and by intramuscular injections. Tebetrin which is marketed by 
Howards is stated to be equivalent to atebrin. Plasmochin was used both orally 
and by intravenous injections. In some cases there was toxic reaction. Cilional 
is a later preparation marketed by Bayer as a substitute for plasmochin and is 
less toxic. 

Prontosil has been successfully used in recent years in controlling streptococcal 
and allied infections. It is a sulfanilamide administered orally and intramuscularly, 
marketed by Bayer in the form of tablets and as solution for injections. Various 
similar compounds are also marketed by other manufacturers. Prontosil has been 
tried on a large number of patients and does not appear to have any effect on the 
parasite. It is, however, of great value in the treatment of secondary infections 
which are common in filarial patients, especially in advanced stages of lymphatic 
obstruction. The same thing applies to the other drugs of this type. 

Of the acriflavine compounds trypaflavine has been reported (Santos, 1936) 
to give beneficial results in filarial infection. Careful investigation of this compound 
on a number of filarial patients, however, did not support these findings. None 
of these compounds produced any appreciable reduction of the embryos in the 
blood. 

Vegetable drugs . — Quinine compounds were administered orally and by injec- 
tion, but had no effect on the parasite. The other vegetable drugs were chosen 
because of their reported efficacy in allied helminthic infections. Phelps et ah 
(loc. cit.) reported that chenopodium oil given intramuscularly reduced the number 
of embryos in the circulation and checked the attacks of lymphangitis. The oil 
was tried on several patients. The injections produced painful reactions. A 
temporary diminution of microfilariae was observed in all the cases after 8 to 10 
injections. Further treatment with the oil could not be continued as the patients 
were unwilling to submit to this treatment. Hydnocarpus oil which is well known 
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for its efficacy in the treatment of leprosy was tried on some patients. Cases have 
come under our observation where, during or after treatment for leprosy with 
hydnocarpus oil, the patients have developed filarial infection. Our results with 
this oil in filarial infection have been uniformly negative. 

Ollier products . — Sodium mandalate has been reported to be efficacious in 
Bacillus coli infection, and santonin, thymol, CC1 2 , and C 2 C1 4 in eradicating intestinal 
helminths. Results in all our cases were negative. Emetine hydrochloride and 
kurchi which are used in the treatment of amoebic infection were also found to be 
of no value in filariasis. 

Cobra venom was found in vitro to kill the microfilarice. A total of 700 mouse 
units of both cobra venom and viper venom was given to patients hypodermically. 
Results were negative. 

Effect of other infections on filarial parasite. 

We have already stated that filarial infection is capable of co-existing with 
other infections both bacterial and protozoal. It has been remarked by Wanhill 
(1906) that the absence of filarial infection in Jamaica, notwithstanding the presence 
of Culex fatigans in swarms, might be due to the high incidence of malaria in the 
island. We have studied the effects of malaria on filarial parasites both in induced 
cases of malaria and in natural infections. We have observed several filarial patients 
having malarial attacks. We have induced human and monkey malaria on filarial 
patients and observed no effect on the microfilarias or the adult parasite. Several 
cases of syphilis with co-existing filarial infection came under our observation. 
Similarly other infections such as hookworm, kala-azar, leprosy, and amoebiasis, 
etc., have no effect on the filarial parasite. 

As already mentioned in an early part of the paper malarial infection did not 
appear to affect the filarial parasite. In many cases a small reduction of the 
microfilariae was noticed during and after the paroxysm of fever, but the effect 
was temporary, the microfilariae reaching the original level after a few days. 


Summary and conclusions, n 

The paper gives the results of investigations with a large number of drugs in the 
treatment of filarial infection. Of the organo-metallic compounds, soamin appears 
to be most satisfactory in controlling the infection in the early stages. It does not, 
however, exert any lethal effect on the parasite. Next to soamin, fouadin appears 
to be very useful in this respect. It also does not appear to kill the parasite although 
it sterilizes the parasite temporarily. None of the other organo-metallic compounds 
is of any effect in filarial infection. 

None of the synthetic products investigated gave any positive result. Prontosil 
and. its derivatives are valuable in the treatment of secondary infection in filarial 
patients. 

Oil of chenopodium reduces the microfilarise count and also the recurring attacks 
of lymphangitis. The injections are, however, painful. Neither cobra venom 
nor Russell s viper venom in therapeutic doses has any lethal effect on the filarial 
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The above results indicate that so far no drug has been found which has satisfac- 
tory antifilarial properties. Since filariasis is an infection whose distribution is 
limited only to the coastal towns and low-lying areas, and since the carrier mosquito 
is known, preventive measures at present form the only successful method of 
dealing with the disease. 
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Microfilariae observed in blood of man in India belong to two species, 
namely, Wuchereria bancrofii (Cobbold) and Filaria malayi Brugt^ Though filarial 
infection is known to occur in several parts of India the exact distribution of the 
two infections is not fully known. The epidemiological factors that determine the 
incidence of the two infections differ to a great extent as was shown by Iyengar 
(1938). From the academic point of view as well as the practical aspect of disease 
prevention it is essential that we should know the type of infection occurring in the 
locality. 

The microfilaria of F. malayi has been previously described by Brug (1927, 
1929), Rodenwaldt (1933), and 'Feng (1933) from material collected from the 


* The generic position of the species Filaria malayi Brug, 1927, cannot be definitely ascertained 
at present. It appears likely that Brug used the term Filaria in a broad sense, as he also called 
Wuchereria bancrofii as Filaria bancrofii . It is perhaps doubtful if F. malayi would come under the 
genus Filaria , Muller, 1787 (sens, strict.). The species is here designated as Filaria malayi as was 
named by Brug, without prejudice to changing its generic name if at a subsequent date the adult 
forms are found to be different from our present conception of the genus Filaria Muller. 

j-Two other species of blood filarite previously recorded from India, namely, Microfilaria actoni Rao, 
1931, and Filaria powclli Penel, 1905, have not been included here. Microfilaria acloni Rao is now 
placed as a synonym of Filaria malayi Brug (vide infra , page 571). As regards Filaria powclli Penel, 
the validity of the species has been called into question by several authorities. Penel’s species is 
based on an extremely meagre description by Powell (1903) of two specimens of inicrofilariie found 
by him in the blood of a policeman in Bombay. The first of the two specimens measured 13 lg long 
and 5*3/4 thick. The measurements of the second specimen were not given ; it was stated to be 
4 distinctly shorter ’ than the first specimen. They were sheathed and had a stumpy tail. FTo other 
anatomical characters are known. As stated by Fulleborn (1929), the stumpy tail mentioned by 
Powell may be a deceptive appearance of the tail-end being folded forwards. The very short length 
is suggestive of F. malayi , but nothing can be said with any degree of certainty. As was pointed out 
by Sticker, Schiiffner and Swellengrebel (1929) the small length observed in two specimens is not 
sufficient justification for the erection of a new species, since numerous instances are on record of 
microfilarias of Wuchereria bancrofii having very short lengths. Fulleborn (1929) is also of the same 
opinion and considers that the erection of this species based on such small evidence as short length, 
is untenable. • ® 
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Dutcli East-Indies and China. The present article is a comparative study of the 
two species made from material collected in India. 


Technique. 

In routine examinations for filarial infection, air-dried thick smears are steeped 
in a dilute aqueous solution of methylene blue (15 mg. in one litre of water) for 
one to two hours and the wet smear examined under the microscope. The 
solution dissolves out the haemoglobin and stains the microfilaria; and leuco- 
cytes deep blue. 

For making permanent preparations the slide after immersion in water for an 
hour is treated with freshly made Bles solution (70 per cent alcohol 90 c.c., formalin 
7 c.c., and glacial acetic acid 3 c.c.), washed in 70 per cent alcohol, brought down to 
water, and stained with Delafield’s luematoxylin. Excess of stain is reduced with 
acidulated alcohol and the smear counterstained with an alcoholic solution of eosine, 
cleared in xylol, and mounted in balsam or euparal. 

There is often a certain amount of distortion and shrinkage of microfilariae, 
especially in the case oi F. malayi, during the drying of blood smears. To get well- 
stretched worms for study the writer employs the following method of narcotizing 
the microfilariae with menthol prior to drying the smear : — 

A drop of blood from a carrier is taken on a slide and mixed with a drop 
of normal saline ; one or two small crystals of menthol are placed in the blood 
and the slide left in a moist chamber. When all the microfilariae have been 
fully narcotized (which usually takes about half an hour) and are in a 
well-extended condition, the menthol crystals are removed and the blood spread 
out to form a smear and then quickly dried. The smear is then placed in 
water to dissolve out the haemoglobin, fixed with Bles solution, stained with 
lisematoxylin, and counterstained with eosine. Microfilariae obtained by this 
method are in a better condition for study than those in ordinary thick-smear 
preparations. 

Material preserved in Azur II-formalin was found to be the most suitable for 
determining the length of microfilariae and for studying their internal structure. 
A drop of blood from a good carrier is shaken up with 3 c.c. of a preserving fluid 
consisting of sodium chloride 0-8 gramme, formalin 4 c.c., Azur II 004 gramme, 
and water 96 c.c. The sediment at the bottom of the fluid is examined 3 to 4 days 
later 1 . The different structures that are of diagnostic importance, namely, the 
excretory cell and pore, the G-cells, the anal pore, and the tail, are seen best in 
material preserved in Azur II-formalin. This method has an advantage over- 
others inasmuch as the microfilaria; are not exposed to desiccation at anv 
stage. 


♦lullcborn (1924) observed that material (microfilaria) of Dirofilaria ivmitis) preserved in 5 per 
cent formalin and examined one to four days afterwards gave the nearest approach to the actual 


after time of collection and preservation in Azur II-formalin. 
in the total length during this period. 


There was no appreciable reduction 
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For determining the length of microfilarias and the positions of the fixed points, 
camera-lucida drawings were made of each microfilaria and the length measured by 
' wa lkin g ’ over the middle line of the drawing with a pair of dividers or with the 
help of a curvimeter. The magnification for such drawings was from 700 to 800 
times. 


Microfilaria of Filaria malayi. 

In air-dried thick smear preparations F. malayi generally appear shrunken or 
crinkled up, and the large curves of the microfilaria are complicated by irregular 
waves (Plate XX, figs. 1 to 8). This feature is fairly constant but by no means 
invariable. On the other hand in living specimens as well as in those preserved wet 
(for example in Azur Il-formalin) the outline is smooth and regular (Plate XIX, 
fig. b), which would indicate that the crinkled appearance and the wavy contour 
observed in microfilaria! in dry smears is not a natural condition but is due to 
shrinkage caused through drying. 

The length of the microfilaria varied considerably according to the manner of 
preservation as shown in Table I : — 


Table I. 


Length of microfilaria} of Filaria malayi. 


Material. 

Number of 
observations. 

I 

Maximum. 

Minimum. 

Average. 

Azur Il-formalin 

! j 

52 

299/4 

j 

238/4 

263*4/4 

i 

Dry- sm ear preparations . . 

! 

181 

23S M 

135/4 

185*8/4 

Preparations after narcotizing 
with menthol. 

49 

285/4 

162u 

! 

219*3/4 


The marked difference observed in the length of microfilariae preserved wet and 
those in air-dried smear preparations would indicate that microfilariae of F. malayi 
are subject to considerable shrinkage during the drying of the smear. The length 
of microfilariae in narcotized preparations was intermediate between those of 
wet-preserved and of air-dried microfilariae. 

The width of the microfilaria in the region between the nerve ring and the 
excretory pore varied between 5'0/x and drip, averaging 5-8/x, in wet material, 
and between 6-2 fi and 8-7^, averaging 7'5/x, in dried-smear preparations. 

The head-end of the microfilaria of F. malayi is slightly more pointed than 
that of IF. bancrofti. A ring of eight minute teeth-like papillae is sometimes seen 
at the head-end in wet-preserved microfilariae (Plate XXI, fig. 13). The clear 
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ceplialic space is fairly long, being 1 1 to 2 times as long as broad (Plate XXI, 
figs. 7 to 12). Expressed as a percentage of the total length, the cephalic space 
varied between 2 - 5 and 4'8 per cent and was on the average 3'7 per cent. The 
body nuclei behind the cephalic space arc massed together and overlapping, and 
are not easily differentiated from one another, while in 1 V. bancrofli the nuclei 
are generally more evenly spaced. 

The nerve ring is on the average at 2TG per cent of the total length from the 
head-end. The excretory pore is situated at 29‘9 per cent. The excretory cell is 
placed some distance posteriorly to the excretory pore and is nearly as far away 
front the excretory pore as the latter is from the nerve ring (Plafe XXI, figs. 10 
and 17). The excretory cell is large and conspicuous, with a large nucleus and a 
distinct nucleolus. It has dense cytoplasm with sometimes a few vacuoles. The 
cytoplasm is continued anteriorly as a protoplasmic strand which connects the 
excretory cell with the excretory pore (Plate XXII, figs. 1 to G). 

The four G-cells in F. malayi (Plate XXI 1 1, figs. 1 to 5) arc definitely larger 
and have bigger nuclei and denser cytoplasm than the corresponding cells in 
IT. bancrofii. They are longer than broad and are oval in shape. Cell (1-1 which 
is situated behind the posterior end of the ‘ i nncnkdrper ’ is conspicuous and 
easily recognized by its large nucleus and well-defined nucleolus. This cell nearly 
fills the breadth of the microfilaria and is about twice as large as the other 
G-cells. The cells G-2, G-3, and G-4 occupy positions intermediate between G-l 
and the anal pore. Cell G-2 is placed about half-way between G-l and the anal 
pore. Generally this cell is slightly nearer to G-l than to the anal pore. The 
last of the G-cells, namely G-4, is placed anteriorly to the anal pore and well 
separated from it. 

The anal pore occurs at 80*1 per cent of the total length from the head-end. 
It is conspicuous and extends from one-half to three-quarters of the breadth of the 
microfilaria. Its position is clearly indicated by the absence of nuclei of the nuclear 
column in that region. 

The tail in F. malayi is characteristic. Beyond the end of the nuclear column 
the tail enlarges into a bulbous swelling after which it attenuates suddenly and 
then enlarges gradually into a slightly swollen tip (Plate XXIV, figs. 5 to 10). 
There are thus two swellings in the tail, one at the tip and another a little above 
it. In microfilariae preserved wet the part bevond the anal pore tapers more 
gradually (Plate XXIV, figs. 5 to 8) than in microfilaria) in dry smears (Plate XXIV, 
figs. 9 and 10). The more abrupt tapering of the tail-end observed in dry-smear 
preparations is the result of shrinkage. The shrinkage is, however, not uniform, 
lhe terminal portion of the tail beyond the subapieal swelling docs not shrink 
appreciably and there is little difference in the absolute length of this segment in 
wet material and in dry smears. On the other hand, the portion between the anal 
pore and ^thc subapieal bulbous swelling is subject to marked shrinkage like the 
rest of the microfilariae. The length of the part between the anal pore and the 
subapieal bulbous swelling in dry-smear specimens is about two-thirds of the 
length in wet material. A striking feature in F. malayi is the presence of nuclei 
”V thc tcrmbyil past of the tail well beyond the termination of the nuclear column 
(I late XXII , figs, o to 10). The position of the tail nuclei is definite; one 
nucleus occurs in the subapieal swelling in the tail and the other in the swelling at 
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the tip. They readily take stain and are easily recognized in material preserved in 
A '/ liv II -formalin as well as in smear preparations stained with Giemsa solution or 
with lisematoxylin. The occurrence of these nuclei in the tail is a constant feature 
in F. malayi. These nuclei are well separated from the nuclei of the nuclear 
column and are somewhat different in size and in appearance from the latter. 
Rodenwaldt ( loc . cit.) considers that these tail nuclei are not true nuclei but 
artefacts caused by the deposition of the stain in invaginations and folds of the 
cuticle. This view is not supported by the observation that the tail nuclei always 
occur in F. malayi, and in the same situation associated with the swellings in the 
tail. They are as well stained in wet material preserved in Azur 1 1- formalin 
as in dry smears stained with lisematoxylin. These nuclei are also present in 
young larvse of F. malayi within the thoracic muscles of the mosquito vector, 
Mansonioides, prior to the first ecdysis of the worm. 

Cuticular striations are not apparent in microfilariae of F. malayi in dry-smear 
preparations. In material preserved in Azur II-formalin, the striations of the 
cuticle are sometimes seen faintly, especially in the posterior part of the body. 
Even where the striation is seen at its best it is not as well marked as that found 
in If. bancrofti. 

The length of the sheath in F. malayi varied from 248/a to 318/*, averaging 
287/a (86 observations). The length of the sheath divided by the length of the 
microfilaria in wet material (which is here called the ‘ sheath index ’) was T091* 
and this figure is smaller than the sheath index of IF. bancrofti. The tip of the 
sheath is rounded and sometimes slightly broader than the part just above it. In 
a few cases I have observed another feeble swelling in the tail-end of the sheath 
just above the tip corresponding to the swelling in the middle of the tail of the 
microfilaria. 

In microfilarke of F. malayi fixed with absolute alcohol and overstained with 
Giemsa solution, the sheath took a deep pink colour and its surface frequently 
presented a furred appearance which was not observed in microfilariae of 
W. bancrofti similarly stained. 

Besides the morphological characters mentioned above, another character 
which appeared to be fairly constant was that microfilariae of F. malayi failed to 
develop in the mosquito Culex jatigans Wied.'j' Even when fed on carriers 
with a large number of microfilariae in the blood, Culex fatigans failed to take the 
infection in contrast to the ready manner in which it took the infection when fed 
on blood containing microfilariae of IF. bancrofti] j;. 


* In the determination of the ‘ sheath index ’ the measurements taken into consideration are of 
microfilaria preserved wet (e.g., in Azur II-formalin). This index would be different if based on 
measurements in dry preparations. 


. . | T f he . behaviour of the nncrofi arise in the mosquito Culex fatigans could be used as a confirmatory 

test but, by itself, it would not give any conclusive evidence. Sometimes, under conditions of low 
atmospheric temperature and low humidity, it is possible that W. bancrofti n ay fail to il wr rw . 
atigans. The possibility of mixed infections should also be borne in mind. f 

mi ?S)!3 sssgsito&T* «•*» 

the mosquitoes proved to he negative for filarial infection. 3 ° f larv£e 111 tlle thorax, all 
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Microfilaria of Wuchereria bancrofti. 

In ordinary thick smears microfilariae of TP. bancrofti exhibit smooth curves 
which are uncomplicated by irregular waves (Plate XX, figs. 9 to 16). The crinkled 
appearance and corrugations commonly observed in thick-smear preparations of 
F. malayi are generally absent in TP. bancrofti. 

The length of the microfilaria under different methods of preservation is shown 
in Table II 


Table II. 


Length of microfilaria} of W. bancrofti. 


Material. 

! I 

j Number of 

1 observations. 

Maximum. 

i 

Minimum. 

Average. 

Azui* II-formalin 

72 

j 322 ft 

i 

255/* ‘ 

1 

i 

i 

290'3/x 

Dry -smear preparations 

i 

| 69 

322^x 

i 

i 

25G/x 

289 -1/x 

Dried smears after narcotiza- 
tion with menthol. 

i 14 

i 

j 3 (% 

i 

1 

274/i 

287'0/x 


The average length in wet preparations was 290'3/x and in dry smears 289' 1/x. 
The absence of any marked difference in the length of microfilaria) preserved wet 
and of those in dry smears would indicate that microfilariae of IP. bancrofti are not 
subject to any considerable shrinkage consequent on drying of the smear. On the 
other hand, microfilariae of F. malayi are liable to considerable shrinkage on desicca- 
tion as shown by the marked difference observed between the length of microfilariae 
preserved wet and of those in air-dried smears*. Thus, while in wet preparations 
the average length of F. malayi is not much less than that of TP. bancrofti, the 
difference in the average lengths of the two species in air-dried preparations is very 
striking!'. 

The thickness of the microfilaria of TP. bancrofti in the region between the nerve 
ring and the excretory pore varied between 5-5/x and 7'7/x and averaged 6-3 p. in wet 
preparations. In air-dried smears it varied between 6-3/x and 8'4/x, and averaged 
7-0/x. 


* The presence of veil-developed cuticular striations in the case of IF. bancrofti and the poor 
development of the striations in F, malayi may, perhaps, explain this difference. 

t The average lengths in wet preparations of the microfilarise of )V. bancrofti and F, malayi were 
290 and 263g respectively, while in air-dried smears the average lengths for the two species were 
2S9 ft and 186 /x respectively. 
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The head-end of the microfilaria is broadly rounded. The clear cephalic space 
is short (Plate XXI, figs. 1 to 6) and forms 1‘2 to 2-7 per cent of the total length of 
the microfilaria, averaging 1-7 per cent. This space is rarely longer than broad. 
The body nuclei are spaced more evenly than in F. malayi and except in shrunken 
specimens, there is not much of overlapping of the nuclei. 

The nerve ring is on the average at 19 - 0 per cent of the body-length from the 
head-end. The excretory pore is on the average at 28 - 5 per cent. The excretory 
cell has a large nucleus and is placed close behind the excretory pore (Plate XXI, 
figs. 14 and 15). In some it is adpressed to the wall of the excretory pore, while in 
others it is placed slightly behind the pore (Plate XXII, figs. 7 to 12). In either 
case, the position of the cell in relation to the pore is quite different from the arrange- 
ment in F. malayi in which the excretory cell is well separated from the excretory 
pore. The distance from the middle of the excretory pore to the middle of the 
excretory cell is never more than a fourth of the distance between the excretory 
pore and the nerve ring. On the anterior side of the excretory cell a short and thick 
cytoplasmic process connects it with the excretory pore. Sometimes one or two 
vacuoles may occur in the cytoplasm. On the posterior side the cytoplasm is drawn 
out as a long, thin, and sinuous strand measuring about 15/x to 20/x long. 

The G-cells in IF. bancrojli are smaller in size than those of F. malayi and the 
cytoplasm is less dense. The cells are not longer than broad and are often angular 
in outline (Plate XXIII/ figs. 6 to 10). Frequently one side of the cell is fiat. Cell 
G-l, situated behind the end of the ‘ Innenkorper is inconspicuous and is not much 
larger than the other G-cells. The cells G-2, G-3, and G-4 are placed close to one 
another and near the anal pore. The distance between cell G-2 and the anal pore 
is about a fourth (or a third) of the distance between G-l and the anal pore. Cell 
G-4 is placed very close to the anal pore. Its position in relation to the anal pore is 
somewhat variable. Generally it is placed anteriorly to the anal pore but less 
frequently it occurs at the same level as the anal pore. 

The anal pore occurs on the average at 81-1 per cent of the total length from 
the head-end. It is small and inconspicuous, and does not cause a break in the 
distribution of the nuclei of the nuclear column. 

The tail tapers gradually and ends in a blunt tip (Plate XXIV, figs. 1 to 4). 
There are no swellings at the middle of the tail or at its tip. There are no nuclei 
in the tail beyond the termination of the nuclear column. 

In microfilaria) of TF. bancrojli the cuticular striations are seen very clearly 
in wet preparations (Azur II-formalin) and in thin smears stained with Gie'msa 
solution. Tim striations can be observed even in ordinary thick-smear prepara- 
tions though not as clearly as in wet preparations. 

The sheath of the microfilaria of IF. bancrojli is definitely longer than that 
of F. malayi. It measures from 334/x to 402/x’, averaging 358 -6,x (21 observa- 
tions). The sheath index (length of sheath divided by length of microfilaria in 
wet material) is 1-235. * ° 

Culcx jatiyans mosquitoes when fed on blood containing microfilaria of 
TF. bancrojli become infected very readily in contrast with the negative results 
obtained with M. malayi. & 
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The important points in the differentiation of the microfilariae of the two 
species are shown in Table III : — 


Table III. 


Comparison oj microfilaria} of Filaria malayi ami Wucliereria bancrofti. 


Character. 

Filaria malayi. 

I r a chcrcr ia ba n crofli. 

Length in wet material . . 

238/a to 299 /a, average 26 3 /a. 

255;i to 322/a, average 290/a. 

Length in smear prepara- 
tions. 

135a to 23 S/a, average 1S0 /a. 

| 256/x to 322/a, average 289/a. 

Breadth, wet 

5*S/a. 

6‘3/a. 

„ dry 

7-5/x. 

7‘0/a. 

Appearance in illicit 

smears. 

Shrunken ; cuticle often 
corrugated ; irregular curves. 

Not shrunken ; smooth curves. 

Cuticular striations 

Not noticeable except in wet pre- 
parations in which they arc 
sometimes seen faintly. 

1 

Well marked. 

Cephalic space 

1 

L\ to 2 times as long as broad. 

i ~ 

Generally less than breadth. 

Excretory cell 

Well separated from excretory 
pore and nearly as far away 
from it as the latter is from 
nerve ring. 

Adjoins excretory pore. 

G- cells 

Large, oval, with dense cytoplasm. 

Smaller, rounded, stellate or 
angular ; cytoplasm not dense. 

Cell G-l 

Large, nearly fills breadth of 
microfilaria ; twice as large as 
other G- cells. 

Small, about same size as other 
G-cells. 

Ceil G-2 

Situated about half-way between 
anal pore and G-l. 

About Jth way between anal 
pore and G-l. 

Cell G-4 

Well separated from anal pore and 
placed anterior to it. 

Very close to anal pore and 
placed slightly anterior to it or 
at the same level. 

Anal pore 

j Conspicuous. 

Not conspicuous. * 

Tail 

Tail with two swellings, one at tip 
i and another just above it. 

No swelling in tail. Tail tapers 
gradually to a blunt tip. 

Terminal tail nuclei 

' Two small nuclei present in tail 
beyond end of nuclear column. 

No nuclei beyond termination of 
nuclear column. 

Length of sheath 

24S/a to 318 /a, average 2S7/i. 

334/a to 402/a, average 359/a. 

Development in Cute 
fatigans. 

1 No development. 

Normal development. 






Plate XX. 
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General lie of microfilariae in air-dried thick smears. 

Figs. 1 to 8. Filaria mctlayi . 

Figs. 9 to 16. Wuchereria bancrofti. 

Camera-lucida drawings. Each division of the scale represents 10,u. 



Plate XXI 




Figs. 1 to 6. Head-end of microfilariae of IF. bancrojti showing cephalic space and distribution 
of nuclei. (Air-dried smears stained with haematoxylin.) 

Figs. 7 to 12. Head-end of microfilariae of F . malayi . (Air-dried smears stained with 
haematoxylin.) 

Fig. 13. Head-end of F . malayi in a wet preparation showing ring of papillae. 

Figs. 14 and 15. Nerve ring, excretory cell and excretory pore in IF. bancrojti . (Azur 
II-formalin material.) 

Figs. 16 and 17. Nerve ring, excretory pore and excretory cells in F. malayu (Azur II- 
formalin material. Camera-lucida drawings.) 




?igg, 1 to 6. Excretory porojand excretory cell in F . malayi ^ 
Figs. 7 to 12. Excretory pore and excretory cell in TF. bancrofh . 
(Camera-lucid a drawings. Azur Il-formalin material.) 










Figs. 1 to 4. Tail-end of microfilariae of IF. bancrofrt . (Azur II-formalin material.) 
Figs. 5 to 8. Tail-end of microfilariae of F . malayi . (Azur II-formalin material.) 
Figs. 9 and 10. Tail-end of F. malayi , from thick smears stained with haematoxylin. 

(Camera-lucid a drawings.) 
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Synonymy of Filaria malayi Brug. 

In an editorial note in tlie Ind. Med. Gaz., 1937, Yol. 72, p. 734, an opinion 
•was expressed that it was inadmissible to place this species under the genus Filaria 
as it had been described only from the larval form, and it was suggested that it 
should be termed Microfilaria malayi. The term Microfilaria is not a systematic 
unit and is therefore not a ‘ genus ’ (vide Baylis and Daubney, 1926). Like the term 
Agamofilaria, it is only a collective group meant for the salve of convenience to 
accommodate species of Filar iidce described from larval forms in cases where the 
authors are doubtful of the generic position. Since, however, the author of the 
species Filaria malayi had placed it under the genus Filaria, there is no justification 
now for changing the name to Microfilaria malayi, merely because it was described 
from the larval form. There appears to be no convincing objection to continue to call 
it by the name under which it was originally described until such time as the adult 
stages are discovered when its generic position would be revised if found necessary. 

Under the name Filaria malayi Brug, I have to sink Microfilaria actoni Bao, 
1931, as a synonym. Through the courtesy of Dr. S. Sundar Rao, I have examined 
the single preparation from which he described Microfilaria actoni. In the original 
preparation the sheaths were not clearly seen and consequently the microfilaria 
was described as sheathless. The preparation has since been stained with hsema- 
toxylin and shows the sheaths clearly. Morphologically I can find no difference 
between the microfilariae in Dr. Rao’s preparation and those of F. malayi. 

The * atypical forms of W. bancrojti ’ of Korke (1929) are also synonymous 
with F. malayi 'as judged from Korke’s description and figures. 
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It was first observed by Ramon (1922a) that, in a series of mixtures of diphtheria 
toxin and specific antitoxin, the neutral or balanced mixture flocculates more 
quickly than the others and the reaction is delayed or inhibited when either of the 
reacting ingredients is in relative excess. Since his classical observation much 
useful work has been performed by numerous observers to study the manifold 
aspects and implications of this precipitation reaction. Many different antigens 
and their specific antibodies were studied and doubts were raised, whether the 
‘ constant antigen-optimum ratio 5 of Ramon really corresponds to the neutral 
point of the antigen-antibody mixtures. Dean and Webb (1926) were the first 
to apply the reverse technique of ‘ constant antibody optimum ratio ’ titration, 
with horse serum as antigen, and the serum obtained by immunizing Tabbits against 
horse serum, as antibody. Their technique of ‘ constant antibody ’ titration was 
followed by Smith (1932) with specific soluble substance from type I pneumococcus 
as antigen, by Duncan (1932) with polysaccharide extracted from some fungi and 
by Taylor (1933) with crystalline egg-albumin and the respective antisera. Duncan 
(loc. cit.) and Taylor (Zoc. cit.) demonstrated by testing the supernatant fluids from 
their series of antigen-antibody mixtures that the Dean and Webb’s ratio actually 
corresponded with the balanced mixture. They also observed that the ‘ constant 
antigen 0. R. 1 and the ‘ constant antibody 0. R.’ were at marked variance. These 
observations could not be easily reconciled with the Ramon’s method of antitoxin 
titration, though the close agreement of the results of flocculation tests by the 
* constant antigen ’ technique and the in vivo experiments, justified the presumption 
that, the point of Ramon’s flocculation of toxin and antitoxin is also the point of 
chemical equivalence between these reagents. Since Miles (1933) has shown that 
the ‘ constant antigen 0. R.’ and the c constant antibody 0. R.’ with mixtures of 
toxin and antitoxin differ very little, especially with stronger toxins, the apparent 
discrepancy has lost much of its practical importance. 1 

In the present paper the author intends to put forth the results of his study 
of the flocculation reaction with Cl. septique toxin and antitoxin by the Ramon’s 
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‘ constant antigen ’ technique. Several samples of antiserum have been titrated 
by the in vitro and the in vivo methods. The results have been shown in Table III. 

Experimental. 

The flocculation tests were performed with liquid toxoid, while for the animal 
titrations ammonium-sulphate-precipitated solid toxin was used, as the toxic filtrate 
rapidly loses its toxicity on keeping. 

Titration of unknown antiserum by the anlidermonecrotic lest on guinea-pig . — 
J » L R 

The technique for the preparation of dry toxin, the determination of dose 

and assay of unknown antitoxin has been described in a previous paper by 
Basu, Roy and Ghosh (1938). The method of titration was fundamentally the 
same as that recommended by the Health Organization of the League of Nations 

(1935), though varying in detail. The dose of the dry toxin lot 17 on guinea- 
pig was found to be 0‘85 mg. 

Different samples of Cl. septique antitoxin were titrated against" this dose. 
The results have been put in column 8 of Table III. 

Ramon’s flocculation test with Cl. septique toxoid. 

Determination of Lj dose oj toxoid . — In each of a series of test-tubes of uniform 

shape and bore (6 mm. x 120 mm.) 1 c.c. of toxoid -was taken with a tuberculin 
syringe. Standard Cl. sepliqiie antitoxin, suitably diluted, was then added in falling 
quantities and the volume in each tube was made up to the total volume in the tube 
that received the maximum quantity of antitoxin with normal saline. The contents 
in each tube were well mixed and the rack put in the water-bath at 50°C. A prelim- 
inary test with a wide range of the series of antitoxin units added with a comparatively 
wide difference between the adjacent tubes was performed. A shorter range with 
less difference in antitoxin units in adjacent tubes was taken in the final testing, 
on the basis of preliminary test. Each test was repeated more than once for 
confirmation. The number of antitoxin units present in the first flocculating tube w r as 
taken as the number of L f doses present in 1 c.c. of the toxoid. The actual test 

has been shown in Table I. 

Titration oj unknown antitoxin by the flocculation test . — The technique is essen- 
tially the same as that for determination of L f dose of toxoid. To a constant volume 
of toxoid (2 c.c.) in a series of test-tubes falling quantities of a suitable saline dilution 
(1 in 5, when the expected titre was low and 1 in 10, when higher titre was expected) 
of the unknown antiserum was added and the volumes made equal with normal 
saline. The titre of the sample of antiserum was obtained from the actual volume 
of serum and the volume of toxoid present in the first flocculating tube, since the 
number of L f doses present in one c.c. of the toxoid was known from, the 
previous experiment (vide supra). Here also, as in case of determination of 
Lf dose of toxoid, a preliminary test was followed by repeated more accurate 
titrations. Table II shows an example of titration of an unknown antitoxin by the 
flocculation test. 



Determination of L f dose of toxoid lot 40 . 



Italicized figures indicated the first flocculating mixtures. 



Titration of unknown antiserum 



Italicized figures ii 




P. N. Basu, 


577 


Results of assay of 12 samples of antitoxin by tlie antidermonecrotic test 
on guinea-pig and by tbe Ramon’s flocculation test against three different lots of 
toxoid have been arranged side by side under Table III for comparison : — 


Table III. 


Results of titration of different samples of antitoxin by the in vitro and 

in vivo methods. 


Antitoxin number. 

Flocculation test 
WITH TOXOID LOT 37 
(6 Lf DOSES 

PER C.C.). 

Flocculation test 
with toxoid lot 40 
(8*5 Lf doses 

TER C.C.). 

Flocculation test 
with toxoid lot 41 
(8 Lf doses 
per c.c.). 

Antidermonecrotic 
test with dry 
toxin lot 17 

dose= 0*85 mg.). 


Observed 

titre. 

Limits of 
titre 

tested for. 

Observed 

titre. 

Limits of 
titre 

tested for. 

Observed 

titre. 

Limits of 
titre 

tested for. 

Observed 

titre. 

Limits of 
titre 

tested for. 

1 

2 

3 

4 

5 

6 


8 

9 

Ai 

240 

218,266 

243 

227,262 

246 

229,267 

240 

220,260 

A 3 .. 

171 

164,184 

179 

162,200 

178 

168,200 

180 

160,200 

B t .. 

200 

185,218 

200 

189,212 

200 

188,213 

200 

180,220 

B a .. 

80 

75,86 

81 

73,89 

80 

73,89 

80 

70,90 

C, .. 

120 

109,133 

121 

106,142 

123 

114,133 

120 

110,130 

c 2 .. 

266 

240,300 

262 

243,283 

267 

246,291 

260 

240,280 

c 3 .. 

240 

218,266 

243 

227,262 

246 

229,267 

250 

225,275 

Qi •• 

67 

60,75 

71 

61,85 

67 

62,73 

70 

60,80 

D, .. 

150 

l 

144,160 

155 

142,170 

145 

133,160 

160 

140,180 

D, . . 

133 

120,150 

142 

131,155 

133 

123,145 

140 

120,160 

P.Pi . . 

218 

200,240 

227 

200,262 

229 

200,267 

220 

200,240 

Concentration! (in 
normal saline). 

Nil 

•• 

Nil 

•• 

•* 

•• 

260 

240,280 

Concentration! (in 
sodium citrate 
solution of molar 
concentration 
0*17). 

266 

240,300 

262 

243,283 
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The figures indicate the titre in units per c.c. The figures in columns 2, 
4, and 6 were obtained from the first flocculating tubes and those in column 8 
from the mixtures that just failed to produce necrosis in the guinea-pig. 
Mixtures in the respective series that immediately preceded and followed the 
above-mentioned mixtures, gave the figures in columns 3, 5, 7, and 9. When 
on calculation the titre came to a fraction of one, the nearest whole number 
was accepted. 

The sample P.Pi is a mixture of sera obtained from four different horses. 
The sample concentration! is the so-called pseudoglobulin fraction of a mixed 
serum from two different horses, obtained by fractional precipitation with 
ammonium sulphate. All other samples were unconcentratcd sera obtained 
from single horses at different stages of immunization. It is interesting to 
note (vide Table III) that, the sample concentration! did not give any floccula- 
tion with toxoids lots 37 and 40, when normal saline was used as menstruum. 
This is in agreement with Ramon’s (19226) findings with diphtheria toxin and 
the concentrated antitoxin. Eagle (1935) has shown that, this failure of 
flocculation does not mean that combination of the reagents does not take 
place. Ghosh and Ray (1937) have obtained specific flocculation reaction with 
tetanus and diphtheria toxins and the ammonium sulphate precipitated specific 
pseudoglobulins by changing the electrolyte in the menstruum. It will be noted 
from Table III that the antitoxin concentration] gave flocculation reaction 
with toxoids lots 37 and 40 near the point of neutralization determined by 
the in vivo experiment, when sodium-citrate solution of molar concentration 
O' 17 was used in place of normal saline as menstruum. Unfortunately, only a 
small quantity of a single sample of concentrated antitoxin was available and the 
effects of electrolytes could not be studied further. Very recently, Weil and Parsons 
(1939) have obtained specific flocculation using Cl. welcldi toxin concentrated by 
ultrafiltrat'ion as antigen and unrefined antiserum as well as antiserum refined by 
Parfentjev’s method of partial peptic digestion as antibody. Unconcentrated 
Cl. welchii toxin has failed to produce any flocculation. 


Summary. 

1. Eleven samples of unconeentrated Clostridium septique antitoxin were 
titrated by the guinea-pig intradermal method and by the Ramon’s flocculation 
test using three different lots of toxoid. The results were found to tally with 
reasonable accuracy. 

The only sample of concentrated antitoxin tested, obtained by fractional 
precipitation with ammonium sulphate from a mixed lot of antiserum from two 
different horses, failed to give any flocculation when normal saline was used as 
menstruum, while with sodium-citrate solution of molar concentration 0 - 17 floccu- 
lation was obtained in the' region of the in vivo titre. 
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It is known that normal human beings may contain certain antitoxins in their 
blood naturally, and that they are immune to certain infections by virtue of their 
possessing these specific antitoxins. Many individuals in a population contain, 
diphtheria antitoxin in their blood (Zingher, 1923). Similarly, scarlatinal antitoxin 
is also naturally present in many individuals (Zingher, 1924). Recently, Ramon 
et al. (1936) have shown that staphylococcus antitoxin is present in human beings 
naturally. In contrast, the finding of Ramon (1936) that tetanus antitoxin of 
natural origin is not found in men, appears to be striking. 

A study of the frequency of distribution of persons containing in their blood 
natural diphtheria and scarlatinal antitoxins in various age groups, or groups 
with varying changes or durations of exposure to infection, suggests with certain 
exceptions a correlation between exposure to infection and the specific immunity 
acquired naturally (see Topley and. Wilson, 1936). Hence it was considered 
interesting to find out whether any tetanus antitoxin is present in the serum of 
persons very highly exposed to the risks of infection. 

Experimental. 

Selection of subjects. — Of the total of twenty-five persons selected -for the 
experiment, twenty were syces constantly attending for more than three years to 
horses used for the production of therapeutic sera. They walk bare-footed often 
with cuts, pricks, and abrasions throughout the yard used by the horses which is 
notorious for the presence of toxigenic strains of Cl. letani. Many of them were 
violently injured accidentally in the stable and received prophylactic antitoxin 
injections, but none within one month before the date of experiment. No one of 
them suffered from tetanus. 

The other five were laboratory workers, who handle tetanus toxin or formol 
toxoid and cultures of Cl. tetani almost daily. Three of them accidentally got cuts 
or injuries of the fingers while at work during the last year and had antitoxin 
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injections. One of them got a deep wound contaminated with pure culture of 
Cl. tetani in cooked meat medium and received four injections of 3,000 I.U. of 
antitoxin weekly — the last one about a month and a half before the date of the 
experiment. 

Method of experiment . — Two c.c. of blood were drawn from each of the subjects 
on the same day. Serum was separated and cleared by centrifuging. 

The toxin broth selected for the experiment was filtered nine days before the 
date of the experiment and stored in a flask with rubber-stoppered mouth in the 
ice-chest. The minimal lethal dose of the toxin-broth for guinea-pigs was about 
1/15,000 c.c., and its L_j_ dose against OT I.U. of antitoxin was about 1/42 c.c. in 
guinea-pigs. 

O’ 6 c.c. of each serum was mixed with O' 6 c.c. of 1/4,000 dilution of the toxin- 
broth. The mixtures were incubated for half an hour at 37°C. and then one c.c. of 
mixture was injected subcutaneously in a guinea-pig for each sample. 0*5 c.c. of 
1/4,000 dilution, one c.c. of 1/15,000 dilution, and one c.c. of 1/20,000 dilution of 
the toxin-broth were injected in two guinea-pigs for each dilution for control test 
of toxicity of the toxin-broth. 

Result oj the experiment . — All the guinea-pigs injected with serum-toxin mixtures 
developed contracture in 24 hours. They died between 72 and 84 hours after 
injection. One of the control guinea-pigs injected with 1/4,000 dilution of the 
toxin-broth died after 48 hours and the other between 48 and 60 hours alter 
injection. Of the two guinea-pigs injected with 1 /15,000 dilution of the toxin-broth, 
one of them died between 72 and 84 hours and the other 94 hours after injection. 
Both of the guinea-pigs injected with 1/20,000 dilution of the toxin-broth were 
living till five days of observations, though both of them developed contracture. 

Discussion and conclusion. 

0-5 c.c. of 1/4,000 dilution of the toxin-broth contained approximately two 
minimal lethal doses for guinea-pigs. 0'5 c.c. of serum from different persons could 
not neutralize it, whereas 0T I.U. of antitoxin neutralized about 350 minimal lethal 
doses of this particular toxin-broth. So it may be concluded that there is not even 
a trace of tetanus antitoxin in the serum of any of the persons examined. Serum 
appears to have somewhat prolonged the time of death of guinea-pigs in comparison 
with that of controls injected with the same amount and dilution of the toxin-broth. 
But this action seems to be non-specific from the uniformity of the degree of delay 
effected by sera from different persons, and does not possibly signify any presence 
of tetanus antitoxin in the sera. 

Perhaps a reasonable explanation for the absence of tetanus antitoxin in the 
circulation of the selected subjects is that there is possibly no sub-clinical form 
of tetanus infection. The subjects might have been frequently infected with 
Cl. tetani. But the organisms could not possibly multiply either due to prophy- 
lactic antitoxin injections or due to want of suitable conditions required for the 
germination of the spores. Hence no toxin could have been formed by them, and 
so consequently no antitoxin developed in the subjects. Had there been any 
multiplication of the organisms in the infected tissues with the liberation of toxin, 
possibly clinical tetanus would have resulted. 



D. G. Lahiri. 


583 


Alternatively, it may be assumed that in some cases the organisms did 
possibly multiply to a limited extent and liberated small amounts of toxin 
insufficient to cause clinical tetanus. The infection-resisting mechanism did not, 
however, respond to it with the formation of antitoxin. The defect appears to 
depend on insufficient quantity of the toxin formed to serve as a suitable 
stimulus, rather than on the quality of the infection-resisting mechanism as it is 
known that injection of tetanus toxoid in man results in the appearance of 
considerable amounts of tetanus antitoxin in the circulation ( see Ramon, 1937). 
On this assumption it would appear that an amount of toxin formed by the 
infecting organism which is insufficient to cause the disease is also inefficient as 
a stimulus for the formation of antitoxin by the infection-resisting mechanism. 

Summary. 

Examination of twenty-five persons very highly exposed to the risk of infec- 
tion with Cl. tetani for a long time showed complete absence of tetanus antitoxin 
in their serum. 
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Since "Widal first experimented with the Bordet-Gengou reaction in tuberculosis, 
using a suspension of living tubercle bacilli as antigen, the test has been tried by 
numerous workers with conflicting results. In 1914 Besredka detected specific 
antibodies by a complement-fixation test with the antigen prepared by him, and 
since then a good deal of work has been performed on the test in tuberculosis by 
various workers with the same antigen. Hruska, Pfenninger, Brocq-Rousseu and 
Urbain applied the test for the detection of specific antibodies in tuberculous cattle 
and the first two authors concluded that the fixation test was destined to render 
important service in the fight against bovine tuberculosis. 

Mozer and Pried, in 1921, found specific antibodies in both surgical (bone and 
joint) and pulmonary tuberculosis by complement-fixation. In 1924 Pried con- 
cluded that complement-fixation in pulmonary tuberculosis with Besredka’s 
bacillary emulsion antigen is specific and Wadsworth, Maltaner and Stevens 
(1930) corroborated the above finding in a series of 1,002 cases. 

More recently, Zeyland and Piasecka-Zeyland did the complement-fixation 
test in pulmonary tuberculosis and reached the conclusion that it is of value for 
diagnosis, for it gave positive results in 80 per cent of cases. 

Very little work has so far been done with regard to the complement-fixation 
test in tuberculous diseases of the skin compared with the amount of work in 
pulmonary tuberculosis, and none at all has been done in India previously. 

Von Schonfeld (1934) tried complement-fixation in both pulmonary and skin 
tuberculosis and concluded that the test had a definite significance in the former 

( 585 ) 
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but in the latter, particularly in lupus vulgaris, the positive reaction had little 
value in diagnosis as he got somewhat similar results in other skin diseases such 
as lupus erythematosus, seborrhceic eczema, neurodermatitis, psoriasis vulgaris, 
acne vulgaris, and syphilis. 

Schreus (1936), in studying the complement-fixation in lupus vulgaris, said 
that there was a low percentage of positive reactions compared with active lung 
tuberculosis. He also said that the presence of a large number of tubercle bacilli 
was necessary for a positive tuberculous reaction. 

SalmenkaJlio (1937) studied the complement-fixation test of 1,324 samples of 
blood of which eighteen were from cases of lupus vulgaris. The percentage of 
positive reactions in these cases was very low. 

More recently, Brandt and Kien (1938) remarked from their serological 
investigation of tuberculosis that the types of skin tuberculosis showed a 
varying percentage of positive results and the serological test might be valuable 
for diagnostic purposes in some cases. 


Present investigation. 

This was carried out on similar lines to those described by Lowe and Greval 
(1939) and Greval et al. (1939). 


Technique. 

Antigen— The antigen prepared from tubercle bacilli by the Witebsky, Klingen- 
stein and Kuhn (W. K. K.) method, was used in the test as this is easily available 
in the market. A measured quantity of the antigen was poured into a porcelain 
basin, the benzol was evaporated over a water-bath at 60°C., and the basin was 
kept at 37°C. in an incubator for 10 to 15 minutes for thorough drying. The dried 
antigen was then carefully emulsified with the addition of double the quantity of 
normal saline by means of a glass pestle, the saline being added drop by drop to 
get a perfect suspension. From this suspension dilutions of 1 in 10 and 1 in 20 
were prepared and tested for anti-complementary action each time before use. 

Hannolytic system .— This was kindly supplied by the Imperial Serological 
Laboratory. There it is prepared in accordance with the requirements of method 
No. IV of the Medical Research Committee’s (1918) report on the Wassermann 
Test with the exception that the red corpuscle suspension was standardized by a 
method described by Greval et al. (1930). 

Complement. The m. h. d. of the complement determined for the Wassermann 
reaction in the above laboratory was used in our tests. 

Serum. Blood was collected under aseptic precautions from patients suffering 
from lupus vulgaris, tuberculosis verrucosa cutis, scrofulodermia, and tuberculide, 
which were diagnosed both clinically and by histopathological study of individual 
cases, and from patients suffering from other non-tuberculous skin diseases as 
controls ( see Table). The serum was separated after being kept with the clot 
in the ice-chest for about 24 hours. It was inactivated for half an hour at 56°C. 
and tested for anti-complementary action. 
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The lime and quantities used in the test. 

0-25 c.c. of antigen diluted either 1 in 10 or 1 in 20, according to the 
non-anti-complcmentary action in different stocks of the W. K. K. antigen, 
0-25 c.c. of inactivated scrum diluted 1 in 5 in normal saline and 0-25 c.c. of the 
complement dilution containing 2 m. h. d. were put in one test-tube and kept at 
room temperature for half an hour, then in an incubator at 37°C. for another 
half hour. After this period 0-25 c.c. of the luemolytic system was added and the 
whole was kept again in the incubator for half an hour and the reading taken. 
The results are shown in the Table : — 


Table. 


Disease. 

Number 
of oases. 

Positive. 

Slightly ! 
positive, j 

Doubtful. 

! 

Negative. 

i 

Percentage 

positive. 

Lupus vulgaris. . . . j 

1 

37 

2 

3 

2 

! 

30 

5*4 

1 

Tuberculosis verrucosa cutis 1 

31 

4 

3 

2 

22 

| 

13 

! 

Tuberculide 

1 

i 

0 

0 

0 

1 

100 

Scrofulodermia 

o 

o 

0 

0 

0 J 

1 

100 

Pulmonary tuberculosis 

20 

10 

1 

1 

2 

80 

Lupus erythematosus 

l 20 

1 

2 

2 

15 

j 

5 

Psoriasis 

1 

1 5 

I 

0 

1 

0 ! 

4 

0 

Tinea cruris 

I 

G 

0 I 

0 

1 

5 | 

0 

Syphilis 

10 

1 

1 

0 

: 8 ! 
j 

10 


Discussion. 

These results indicate that complement-fixation is of little value in the two 
chief tuberculous diseases of the skin and unfortunately the number of cases of 
scrofulodermia and tuberculide are too few to indicate whether the high percentage 
of positive results in these diseases is reliable. Some of the non-tubereulous 
controls were positive and it is possible that these were caused by non-recog- 
nized foci elsewhere in the body. In any case they tend to detract still further 
from the value of this test in cutaneous tuberculosis. 

The presence of active tubercle bacilli is necessary for a positive complement- 
fixation test and this is evident from the high percentage of positive results found in 
pulmonary tuberculosis with bacilli in sputum in the majority of cases. So it may 
be possible that the few positive results found in lupus vulgaris and tuberculosis 
verrucosa cutis indicate the presence of active bacilli, and the comparatively higher 
percentage of positive results found in the latter disease may indicate that the bacilli 
are more numerous and more active in this than in lupus vulgaris. This fact is 
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borne out in unpublished animal inoculation experiments (rabbits and guinea- 
pigs) with diseased material in which tuberculosis verrucosa cutis gave a higher 
percentage of positive results. 

Summary and conclusion. 

1. The complement-fixation test with W. K. K. tuberculosis antigen was 
performed in 71 tuberculous and 61 non-tuberculous skin diseases. 

2. The results obtained are tabulated and the findings discussed. 

3. This reaction is not of much practical value in diagnosis of cutaneous 
tuberculosis. 

Acknowledgment. 

We wish to express our thanks to Major S. D. S. Greval, i.m.s., Iniperial 
Serologist, Calcutta, for advice during the conduct of this research. 


REFERENCES. 


Brandt, R., and Kien, G. (193S) 
Greval, S. D. S., Lowe, J., and Bose, 
R. (1939). 

Greval, S. D. S„ Yesuddin, G., and 
Chowdhury, It. (1930). 

Lowe, J., and Greval, S. D. S. (1939) 
Medical Research Committee (1918) 

Salmenkallio, H. (1937) 

Schreus, H. Th. (193G) , . 

VON SCHONFELD, W. (1934) 
Wadsworth, A. B., Maltaner, E. J,, 
and Stevens, B. S. (1930). 


Dermatol. Zeitsckr 77 , p. G7. 

Inch Jour. Med . Res., 24, p. 843. 

Ibid,, 17, p. 1101. 

Ibid., 24, p. 833. 

‘ The Wassermann Test H. M. Stationer 
Office, London. 

Act. Soc. Medic, fenn., 19, H. 3. 

Dennatol. Zcitschr. y 74, p. 121. 

Med . Klin., 30, p. 299. 

Amer. Rev . Tuber., 22, p. 539. 



Ind. Jour. Med, Res., 27, 2, October, 1939. 


ON WASSERMANN REACTION. 

Part IV*. 

THE ANTIGEN. 

BY 

Lieut.-Colonel S. D. S. GREVAL, i.m.s., 
Imperial Serologist, Government of India 

Captain S. N. CHANDRA ( late i.m.s.). 
First Assistant, 

AND 


B. C. DAS, b.sc., 

Chemist. 

{From the Imperial Serologist’ s Laboratory , School of Tropical Medicine , 

Calcutta.) 


[Received for publication, June 30, 1939.] 

In comparing antigens prepared by different procedures one important point 
emerged. The different lots of the same kind of antigen, prepared according to 
the same procedure from different hearts, may differ from one another much more 
than from another kind of antigen. This communication deals with McIntosh and 
Elides antigen (McIntosh, 1931) and Bordet’s antigen which with modification 
has been used m this laboratory for many years. Of the former antigen certain 
hitherto unstudied aspects, certain aspects concerning which a difference of opinion 
is possible, and power of fixing complement with titrated controls prepared from 
especially selected positive sera (Greval, Das and Sen Gupta, 1938) have been 
studied, means of standardization devised and a new modification described The 


* For Part III see Indian Journal of Medical Research, Vol. 26, No 2 1938 p 393 
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latter antigen lias also been standardized. The two antigens have been compared. 
Observations on fortifying reagents have also been made. A suggestion for using 
several antigens in a test has been advanced. 

I, Plain alcoholic heart-extract, increment ‘ A ’ op McIntosh and 

Fumes’ antigen. 

1. Content. — The plain alcoholic extract becomes turbid when mixed with 
saline. A 1 part extract -j- 14 parts saline suspension prepared from each extract 
is a very simple means of comparing the contents of the extracts with respect to 
the alcohol soluble and water insoluble substances. The difference in turbidity 
may be very well marked at times. It has been found that while extracts yielding 
poor turbidity are always poor in fixing complement with known syphilitic sera, 
the extracts yielding good turbidity are not always good. A comparison with a 
satisfactory extract already in use is sufficient. 

The suspension is made by adding, in an ordiuary test-tube, to 0 - 5 c.c. of the 
extract 7 c.c. of saline rajndly and mixing vigorously by hitting the tube against 
the palm of the hand. 

2. Ilaimolylic power. — The suspension made from the extract is haemolytic 
only in high concentration. In a 1 in ]5 concentration (I part extract + 14 parts 
saline) it should be non-haomolytic when 1 volume of it is added to 1 volume of a 
3 per cent r. b. c. suspension and 2 volumes of saline, otherwise it cannot be used 
in Wassermann reaction when an unfortified antigen of this strength is employed. 
As a routine 3 volumes of the suspension are tested with 1 volume of the r. b. c 
suspension and the extracts which yield luemolytic suspensions rejected. 

3. Anti-complementary power. — The suspension 1 in 15 should not be anti- 
complementary at all when tested with 1 m. h. d. of complement, determined in 
accordance with method No. 4 of the (British) Medical Research Council (1918, then 
Committee). If it is, it is rejected. An association has been found between the 
liamiolytic power and the anti-complementary power. In one sample (out of a 
total of 23 heart extracts) both were very high. The complement-fixing power of 
the extract was poor. 

4. Complement-fixing power. — While it is known that all Wassermann antigens 
(plain heart extract or ingredient A parts 3 + 1 per cent cholesterol in alcohol 
or ingredient B parts 2 + normal saline parts 70) are not satisfactory, it is not 
generally recognized that the usual criterion of a satisfactory antigen is far from 
adequate. It has been shown in a previous communication (Greval cl al., vide 
supra) that the usual 1 in 5 dilution of a known syphilitic serum is utterly useless 
in comparing new unknown antigens with an old known antigen. 

It was found that certain sera in the usual 1 in 5 dilution fixed complement 
even with a 1 in 15 suspension in saline of the plain extract obtained by pooling 
six or more extracts. These sera were designated ‘ strongly positive, + + + \ 
Further, these sera went on giving the reaction of fixation (full or partial) when 
diluted 1 in 10, 1 in 25, or 1 in 50. When the + + + sera were collected irrespec- 
tive of the histories of the cases and from cases from general hospitals the dilution 
for the reaction tended to lie between 1 in 10 and 1 in 25 ; when they were collected 
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from venereal clinics and hospitals the dilation tended to lie between .1 in 25 and 
1 in 50.. These figures were accepted as representing the limits of reaction of the 
two divisions of the cases giving a + + + reaction. 

Next was tested each one of the plain extracts with each division of the + + + 
sera. Those that gave fidl fixation (no traces of lysis in the tube after it had stood 
overnight in the cold) with the serum dilution expected to give full fixation were 
pooled to yield the standardized heart extract. Others were kept aside for further 
observations. The first standardized heart extract used had in it five selected heart 
extracts. Since then the practice has been to pool three selected heart extracts 
as minimum and six as optimum. 

All new extracts are now simply put up, along with the extract in use, with 
pooled + + + serum kept for the purpose of providing titrated controls in the 
daily routine. In the case of a particularly potent serum (from venereal clinics 
and hospitals) the dilutions used are 1 in 10, 1 in 25, and 1 in 50, and in the case of 
a moderately potent serum the dilutions are 1 in 10 and 1 in 25 only. Those ex- 
tracts which compare favourably with the extract in use are selected for pooling 
and the rest are kept aside for further observations and if possible adjustment. 

There has been no occasion to start afresh by pooling a large number of extracts. 
The new lots of the + -(- + serum collected, for the titrated controls in the daily 
routine, react in accordance with expectations with the old pooled extract, and 
selection for pooling from the new extracts is made by comparison with the old 
extract by means of the -j — ] — (- serum of known titre. 

• 5. Adjustment of the complement-fixing power . — Some extracts fix the comple- 
ment with the known serum to the expected degree not in the usual dilution of 1 
in 15 but in stronger dilutions. They are evaporated to concentrate them to the 
required degree and tested again. Other extracts are found to be ineffective even 
in stronger dilutions and are kept aside. As a matter of fact for the comparison 
of the new extract with the old, by means of an old lot of -j — | — f- serum of known 
titre, the test is put up in two strengths of the extract. The appended ensemble 
(Table I) explains this procedure. 

When the reading of a 1 in 15 dilution of the new extract corresponds to that 
of a 1 in 15 dilution of the old extract the new extract is selected for pooling. When 
the 1 in 15 dilution of the new extract does not correspond but a 1 in 12-1- dilution 
does, 15 volumes of the extract are evaporated to yield 1 21 volumes and the titra- 
tion repeated. The reading will now correspond. When the 1 in 121- dilution does 
not correspond but gives an appreciably better fixation than the 1 in 15 dilution, the 
extract is tried in a 1 in 10 dilution. If the latter dilution corresponds 15 volumes 
of the extract are evaporated to yield 10 volumes and the titration repeated. The 
reading will now correspond. 

When no appreciable difference is found between the fixation given by a 1 in 
15 dilution and a 1 in 12-1 dilution the extract is not adjustable. It is kept aside 
for diluting exceptionally sensitive extracts. 1 

The amenability of some extracts to adjustment by concentration and not 
of others is a proof of a difference of quality 'as well as ‘of quantity in the heart 
extracts. 

J, MR 


20 
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Heart extracts are selected with a view to ensuring a high and constant power 
of fixing complement and 'pooled with a view to eliminating peculiarities of single 
extracts which might react better with some syphilitic sera than with others. 

Heart extracts stored in stoppered bottles and not exposed to light keep 
indefinitely. 

In testing borderline cases and in critical work the standardized antigen 
is as indispensable as the titrated haemolytic amboceptor and the titrated 
complement. 


II. Alcoholic solution of cholesterol, ingredient 1 B ’ of McIntosh 

AND FlLDES’ ANTIGEN. 

1 . Turbidity and anti-complement ary power. — The usual 1 per cent solution when 
suspended in saline in the same proportion in which it occurs in a suspension of the 
mixed antigen (OT c.c. sol. + 0T5 c.c. alcohol + 3'5 c.c. saline) is very turbid and 
strongly anti-complementarv. When 2 volumes of it are mixed with 3 volumes 
of the heart extract, as is done in preparing the standard mixed antigen, these 
properties suffer a loss yet most of the turbidity and all the anti-complementary 
power of the mixed antigen are due to cholesterol. When 1 volume of it is 
mixed with 4 volumes of the extract the anti-complementary power is hardly 
perceptible. 

The anti-complementary power of the mixed antigen is usually 1 m. h. d. of the 
complement. But it may be, more or less, depending upon the complement. This 
variation in the complement is so marked and the power of the complement to be 
fixed depends so much on the variation that the item will be dealt with fully in 
another communication. 

2. Power oj fortifying the heart extract . — Cholesterol intensifies the antigen 
inasmuch as it enables the heart extract to react with a weak dilution of a certain 
class of syphilitic sera (-f -f -f sera of the writers) and with another class of 
syphilitic sera which will otherwise be missed altogether (-f- -f- sera of the writers) 
even in strong dilutions. 

3. Haemolytic power. —A suspension of cholesterol, of the same strength in 
"which it occurs in the mixed antigen, when added to r. b. c. suspensions and incu- 
bated for £ hour at 37°C. is not immediately haemolytic. The r. b. c. which settle 
down are lysed later, at the bottom of the tube, even in the cold. The tube next 
day shows a large colourless column of fluid superimposed on a small coloured 
column of fluid. The vibration of the refrigerator may bring about a certain amount 
of diffusion yet the distinction is obvious. 

The mixed antigen also lyses the r. b. c. in the same way, due to the action of 
cholesterol. This property of the mixed antigen makes the determination of the 
end-point of the reaction of a syphilitic serum difficult. Whether the T reaction is 
due to the commencement of the failure of fixation or to the slow haemolytic 
action (and diffusion of colour) of the cholesterinized antigen which has not been 
all used up by a weak dilution of the syphilitic serum may not be easy to 
decide. 
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The hemolytic action of cholesterol is not universal. In studying the 
lysability of the r. b. c. of man, monkey, dog, sheep, goat, pig, guinea-pig, and rabbit, 
under various conditions, it was found that the contact with the mixed antigen, in 
the proportion in which the r. b. c. and the antigen come into contact in the Wasser- 
mann reaction, affects the different cells differently. Dog’s corpuscles were most 
lysable, then came sheep’s, while goat’s showed only a trace of lysis. Others were 
not affected. The contact lasted only \ hour after which the tubes containing the 
r. b. c. and the mixed antigen were centrifuged and the supernatant fluid replaced 
by saline. 

It appears that goat’s blood would be more suitable than sheep’s for Wasser- 
mann reaction and for other complement-fixation reactions in which cholesterol 
is used as a fortifying agent. In sheep’s blood there is no particular virtue other 
than its easier availability in Europe and America. A haimolytic amboceptor 
against goat’s blood can be prepared as easily as against sheep’s blood. Some 
samples of antisheep haemolytic amboceptor work with goat’s r. b. c. quite well. 
As a laboratory animal a goat is hardier and cheaper than a sheep. 


III. The combined antigen. 

1. Mixing of ingredients A and B . — The usual recommendation is that the 
heart extract and the cholesterol solution should be kept in separate bottles and 
mixed immediately before use. The writers’ opinion is to the contrary. The choles- 
terol acting in combination is a much more potent reagent than the heart extract. 
A slight variation in its measurement, due to a slight inaccuracy in the pipette, in 
measuring out small quantities for the day’s work is almost certain to interfere with 
the uniformity of the fixing power of the suspensions of the combined antigen. 
Large quantities of the heart extract and the cholesterol mixed and used over long 
periods would be free from this flaw, provided no deterioration occurred with storage. 
No evidence of deterioration has been found in this laboratory. The combined 
antigen- like the heart extract keeps indefinitely. Sixty c.c. of the extract and 40 
c.c. of the cholesterol solution are mixed at a time. 

2. Turbidity of the suspension . — It is known that a 1 in 15 suspension of the 

combined antigen in saline is more turbid when the former is superimposed on the 
latter in a test-tube and the two mixed slowly by rotating the tube, than when the 
two are mixed quickly. It is also known that the more turbid suspension fixes a 
little more complement. The gain in fixation, however, is not compensated by the 
loss of uniformity of turbidity and fixation which occurs when different quantities 
of the antigen and the saline are mixed for the daily requirements which differ. 
It is preferred to make the suspension by mixing the antigen and the saline quickly. 
The required quantities are taken in two test-tubes. The saline is poured into the 
antigen and the mixture shaken briskly. It is poured into the original saline tube 
and back again into the original antigen tube. Altogether there°are three steps 
one mixing and two transfers. * ’ 

The difference between the fixing power of two suspensions one of which is 
more turbid than the other is of an order which can lighten the tinge of colour in a 
titrated ± control. It is not of an order which is likely to convert a ± reaction 
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into a 4- reaction in the test proper. Even if it did the advantage would he rejected 
in favour of the uniformity of the fixing power of the antigen. 

3. The dose. — The dose of the antigen is in excess of the requirements of the 
serum. A further dilution of a 1 in 15 suspension to a 1 in 30 suspension does not 
reduce appreciably its power of fixing complement and strange though it may seem 
not even its anti-complementary power although its turbidity is definitely reduced. 
Its late lytic action on r. b. c. is also reduced. 

4. Abolition oj the late lytic action on r. b. c. in the test proper. — Addition of a 
1 in 5 dilution of the serum to the antigen suspension such as occurs in the test 
proper abolishes the lytic action on r. b. c. It is immaterial whether the serum is 
positive or negative. 

5. Reaction with negative sera. — Every new stock of combined antigen is tested 
with six negative sera left over from the previous day’s work, as a precautionary 
measure. It has never been found to give a positive or a doubtful reaction. 


IV. Phenol as a fortifying agent. 

025 per cent phenol added to either the serum, the heart-extract suspension 
or the combined antigen suspension enhances the fixation of the complement 
appreciably. The percentage of the phenol in the total quantity of the fluid is 

= 0-0625. 

4 

Further, phenolization of the suspension of the combined antigen also abolishes 
its late lytic action. In this connection it is of interest to note that : — 

1. Heart extract is hcemolytic. 

2. Cholesterol is also haemolytic ; but heart extract and cholesterol are less 

hsemolytic together than separately. 

3. Phenol is also haemolytic ; but heart extract, cholesterol, and phenol 

together are less haemolytic than separately. 

0-25 per cent phenol added to the antigen suspension does not interfere with 
the m. h. d. of the complement determined in the presence of the antigen. 

Advantage can be taken of the fortifying action of the phenol when the amount 
of cholesterol in the combined antigen has to be reduced or when the combined 
antigen does not react to the expected degree. This adjustment and occurrence 
are consequent on variation in complement. 

Lately, trikresol (Schering-Kahlbaum) has been used instead of phenol (B.P.) 
in preserving or fortifying reagents in complement-fixation. It appears to be more 
stable so far as in saline clarity of solution and absence of pink colour and in 
serum dilution appearance of precipitate are concerned. 


V. Bordet’s antigen. 


1. Preparation and use. — This antigen, which 
laboratory for a long time, is prepared as follows : 


has been in use in this 
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(1) One hundred* grammes of human heart muscle cut into pieces (not 

minced) are left in contact with 125 c.c. of absolute alcohol, in a 

stoppered bottle, for a week. 

(2) The alcohol is poured off and the muscle dried in an incubator for 24 

to 48 hours (should be like pieces of wood). 

(8) The dried muscle is left in 200 c.c. acetone for a week, in a stoppered 

bottle. 

(4) The acetone is poured off and another lot of 200 c.c. added. 

(5) After 24 hours the second lot of acetone is also poured off and the muscle 

dried in an incubator until free from smell (3 days or more). 

(6) The dried muscle is powdered and the powder extracted with 200 c.c. of 

absolute alcohol for 10 days, in a stoppered bottle. 

(7) The stoppered bottle is shaken and the contents filtered through a filter- 

paper. The filtrate is Bordet’s antigen. 

(8) To 30 c.c. of Bordet’s antigen are added 20 c.c. of 1 per cent of 

cholesterol in absolute alcohol. The mixture is cliolesterinized 

Bordet’s antigen. 

Of the finished product a 1 in 50 suspension is made in saline and used in the 
place of the other antigen. 

In the original technique the relative quantities of the antigen, the serum and 
the hremolytic system differed slightly from the quantities employed in Method 
IV. The 1 in 50 dilution was arrived at by calculation and has finally been 
adopted after trial and obtaining agreement with the results obtained by the 
original technique, in over 1,000 consecutive tests, on observed cases, during 
one year. 

2. Advantage and disadvantages . — The suspension is not anti-complementary. 
Therein lies its advantage over tire suspension of the other antigen. No titration 
of the complement in the presence of the antigen is required. 

The fixation of the complement effected by the suspension varies with the type 
of the complement, because of the cholesterol contained in it, exactly as occurs in 
the case of the suspension of McIntosh and Fildes’ antigen. The titrated controls 
show similar increase and decrease in each set. The type of the complement is 
determined by the anti-complementary titre of McIntosh and Fildes’ antigen. 
In working with Bordet’s antigen alone no such determination is possible. The 
necessary adjustments in the antigen-complement system cannot be made. Herein 
lies a serious disadvantage of Bordet’s antigen. 

The fixation effected by Bordet’s antigen is on the whole slightly higher. The 
titrated controls -j- and ± adjusted for McIntosh and Fildes’ antigen more often 
than not fail to show the difference with Bordet’s antigen. Considering that the 
titrated controls -j- and ± are generally 1 in 50 and 1 in 100 dilutions, respectively, 
of a strongly positive serum (+ -j- +) the difference should be shown. A failure 


This and the corresponding quantities used in extraction are actually halved. From the same 
■ J ° grammes are used for Bordet’s antigen and 10 grammes for McIntosh and Fildes’ 


antigen. 
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in this respect is more of a defect than of a virtue indicative of a higher sensitive- 
ness. Clinically too, Bordet’s antigen is less helpful in differentiating between 
early, late and treated cases. 

3. Selection .— Like the plain alcoholic extract antigen Bordet’s antigen should 
also be selected and standardized. The two antigens were prepared from the same 
heart and found to correspond very closely. Now, when the plain extract from a 
heart is found unsatisfactory without adjustment the preparation of the other 
extract from the same heart is not proceeded with. In the writers’ procedure 
this antigen is used in one tube out of a total of four. Its stocks, conse- 
quently, last longer. 

VI. A COMPARISON OP THE REACTIONS OF TWO SERIES WITH THREE 
ANTIGENS, AND ASSOCIATED CONSIDERATIONS. 

1. The reactions . — In the appended table (Table II) are given. 2,000 reactions 
from 2,000 sera, received mostly from the hospitals in Calcutta, with (i) alcoholic 
heart extract uncliolesterinized antigen, for -f- -J- -j- reaction, (ii) alcoholic heart 
extract cholesterinized antigen, for other reactions, and (in) Bordet’s antigen 
cholesterinized and hereafter called Bordet’s antigen, one tube only. The two 
series which represent work done on 31 working days are given separately to bring 
out the variations in two otherwise similar batches. 

2. Explanations . — The positive rate of t he table is not the positive rate of the 
unselected Calcutta hospital population. More than half of the cases tested are 
syphilitic suspects. In them a high positive rate is expected. Only less than half, 
from a small hospital population, are tested as a routine. The positive rate for 
the latter population in Calcutta, as calculated by Greval, Sen Gupta and Das 
(1938), is under 10 per cent. 

Included in -j- -f- + reactions in the series are some -j- -j- T (a trace of lysis 
• instead of the third -f ) reactions, just + + -f . Also included in -f -|- reactions 
are some + T reactions, just -f -)-. ~f ± reactions have been classed with -f 

reactions of which, in fact, they constitute a major part. Plain -f (i.e., -\ ) 

reactions are always rare. TT reactions are classed with ± ± and ± — reactions, 
doubtful. ? — and — are classed together. 

Percentage of — | — | — f- reactions is high in both the series and is derived from 
syphilitic suspects and from cases from venereal hospitals and clinics. When the 
blood is tested as a routine from the general wards of hospitals it is low. 

The + + + sera would be positive with any antigen and by any technique 
one chooses to employ. Agreement between the reactions of such sera with differ- 
ent antigens, therefore, is not of much value. For all practical purposes, then, the 
comparison lies between the reactions of the other sera with (?) cholesterinized 
alcoholic heart-extract antigen and (ii) Bordet’s antigen. 

The mnnbei of anti-complementary sera is given at the end of each series in 
brackets. The total number of cases taken from the register is 2,007. Twelve 
C.S.F. s are also included in the total. 

3. Agreement and disagreement. The absolute agreement and the relative 
agreement, taken together, are good. The total disagreement is small. 
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It will be observed that (i) the positive rate with Bordet’s antigen of the 
two series is almost identical, (ii) the positive rate with the cholesterinized 
heart-extract antigen varies, (Hi) the negative rate of the two series is of about 
the same order, the number of negative cases with the two antigens in the 
first series being almost identical, and that (iv) the number of -f -j- + cases, 
with the uncholesterinized heart-extract antigen, is almost identical in the two 
series. 

4. Does a positive reaction with Bordet's antigen increase and a negative reaction 
decrease the value of a positive reaction with the other antigen ? — From a consideration 
of the figures, of the reaction of the titrated controls and of the reaction of specially- 
observed cases, the answer is, no. Bordet’s antigen is, on the whole, more sensitive 
but not more specific. In certain tropical and non-tropical morbid states, other 
than syphilis, both the antigens give false positive reactions with equal frequency. 
In some cases of tertiary syphilis, clinically unmistakable, Bordet’s antigen has 
given negative reactions. Even the reaction of some lots of pooled -j — ( — b sera, 
diluted and used for titrated controls, has weakened, with the age of the serum, 
with Bordet’s antigen and not with the other antigen. 

5. Does a positive reaction with Bordet’s antigen cast a doubt on a negative 
reaction with the other antigen ? — The writers have now come to the conclusion that 
there is no harm in the presumption that it does. Suck cases are read as doubtful 
(±) and the clinical details studied. If the details are suggestive the reaction 
is returned as doubtful, otherwise it is returned as negative and a repetition of 
the test is suggested, in two weeks, without treatment or provocative injections. 
Incidentally the observations of the writers on the value of the provocative 
injection are not for the injection. Cases are also returned as doubtful when they 
give a T reaction with Bordet’s antigen and a ? — reaction with the other antigen. 
T and ± reactions with Bordet’s antigen are rejected if they contradict a clear-cut 
negative reaction with the other antigen. 

6. Is a double negative reaction with the two antigens more significant than a 
single negative reaction with the ordinary cholesterinized alcoholic extract antigen 
accompanied by a doubtfid reaction vnth Bordet’s antigen ? — From a consideration 
of the figures alone the answer is, yes. 

7. Is the significance of a doubtful reaction with the ordinary antigen increased 
when it is accompanied by a positive reaction with Bordet’s antigen ? — The answer 
is, yes. But still it will be a doubtful reaction (±) for the purpose of the report. 
A positive result should not be based on the reaction with Bordet’s antigen which 
has not been tried with the normal cases and the known cases of syphilis, to the 
same extent to which the other antigen has been tried. Lloyd (1932) from this 

laboratory wrote : ‘ It is known that antigen (3) (cholesterinized Bordet’s antigen 

S. D. S. G.) is frequently too sensitive for use where an unknown serum is 
being examined for a diagnosis, and cases at times occur in which this antigen 
yields a positive, while the other two yield a negative result. Should such a 
result be obtained the case would be reported negative if nothin** were known 
about it.’ * o 

8-. I s die significance of a doubtfid reaction. with the ordinary antigen decreased 
when it is accompanied by a clear-cut negative reaction with Bordet’s antigen ?— The 
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writers are inclined to believe that, in a case suspected clinically to be an early case 
of syphilis, it is. Such cases will continue to be returned as doubtful, however, 
until a sufficiently large series has made this belief absolute. 


VII. McIntosh and Fildes’ antigen phenolized. 

A 1 in 15 suspension of the ordinary combined antigen in saline containing 
0-25 per cent phenol (trikresol) in its power of fixing complement approaches 
Bordet’s antigen very closely. In fact it has two advantages over the latter, 
(i) it is always stronger than the ordinary antigen, while Bordet’s antigen may 
at times prove weaker, and ( ii ) it nearly always differentiates between a + and 
a ± titrated control. The phenol in it does not interfere with the m. h. d. of 
the complement. 

This antigen is recommended for detecting disappearing reactions of 
previously positive treated cases. The increase in fixation of complement is 
of an order which will convert a ? — into a ±, a ± into a T and a T 
into a +. 

In a future communication will be described another use of this antigen, in 
reading the result of fixation, with a particular type of complement. 


VIII. Antigens made from other than human hearts. 

Animals of ‘guinea-pig type’ (Browning, 193]), j.e., guinea-pig, horse, dog, 
cat, mouse, fowl, and tortoise, have in their organs Forssman’s antigen. This antigen 
is alcohol soluble and reacts with the heterophile antibody which can only occur 
in animals of * rabbit type i.e., rabbit, man, ox, sheep, rat, goose, pigeon, eel. and 
frog. That the antibody may occur as a natural antibody in some human subjects 
is a possibility. This consideration has led the writers to exclude hearts of the 
animals of the guinea-pig type. 

Antigens made from beef, goats’ or sheep’s hearts have been used. Beef hearts 
have yielded poor, goats’ hearts moderately good, and sheep’s hearts good extracts. 
In fact more sheep’s heart extracts have come up to the standard in selection than 
have done the human heart extracts. These remarks apply to both the plain 
alcoholic extracts and the extracts prepared after a preliminary extraction of the 
heart with acetone. 


IX. Use of several antigens in a test : a suggestion. 

1. Testing of sera . — Three antigens are used in testing -each serum : — 

(i) Standardized (as described in this communication) McIntosh and 
Fildes’ antigen used in accordance with the requirements of Method 
IV of the (British) Medical Research Council, i.e., with 3 and 
5 m. h. d. of complement. The reaction of the two tubes are recorded 
and reported as detailed in a previous communication (Greval, 
Das and Sen Gupta, 1938). 



S. D. S. Greval, S. N. Chandra, and B. C. Das. 


599 


(ii) Standardized plain alcoholic heart extract with 4 m. h. d. of complement. 
This dose of the complement functionally equals 5 m. h. d. used with 
the ordinary antigen which is anti-complementary to the extent of 
1 m. h. d. The positive reaction of this tube is read -f -f +, strongly 
positive. The two tubes of the ordinary antigens are also positive in 
this case. 

(Hi) Standardized Bordet’s antigen with 2 m. h. d. of complement. This 
dose of the complement functionally equals 3 m. h. d. used with the 
ordinary antigen. 

Ordinary antigen phenolized can replace Bordet’s antigen. 

2. Testing of cerebrospinal fluids. — Partly following Wyler (1929). Cerebro- 
spinal fluid, without inactivation, is also put up with the three antigens in two 
strengths : (i) undiluted fluid and (ii) two volumes of undiluted fluid instead of one 
volume. 5-m. h. d. tube is omitted. Inhibition of lysis in the tube containing two 
volumes of the undiluted eerehro-spinal fluid, even when complete, is not accepted 
as a positive reaction unless there is also a definite inhibition of lysis in the tube 
containing one volume of undiluted fluid. The results are read : — 

-f- -f -j- = Strongly positive, when complete inhibition of lysis occurs with 
the plain heart extract in one or both tubes, subject to the 
provision concerning two volumes. 

= Positive, when complete inhibition occurs with the ordinary 
antigen, in both tubes. 

-j- = Weakly positive, when inhibition is complete with the ordinary 
antigen with 2 volumes of the fluid and partial but well 
marked with 1 volume. 

± = Doubtful, when partial but well-marked inhibition occurs in 
one or both tubes with ordinary antigen. 

— = Negative, when no inhibition or inhibition of a poor quality 
occurs with the ordinary antigen. 

The tube put up with Bordet’s cholesterinized antigen supports the inhibition 
of lysis in the corresponding tube put up with the ordinary antigen. 

Ordinary antigen phenolized can replace Bordet’s antigen. 

3. Several antigens in Wassermann reaction versus several tests for syphilis. — 
The suggestion is advanced that a Wassermann reaction done with several antigens 
should be preferred to several different reactions done for syphilis. When all is 
said and done the flocculation tests have not succeeded in taking the place of the 
Wassermann reaction. Harrison (1931) * would not found a diagnosis on a serum 
test unless the Wassermann reaction was positive ’. This statement typifies the 
opinion of most workers even after the issue of the League of Nations’ Health 
Organization Report of the Second Laboratory Conference on the Sero-Diagnosis 
of Syphilis (League of Nations’ Health Organization, 1928), resolution I of which 

states that the conference ‘ is of opinion that the best of them 

(flocculation tests — S. D. S. G.) may be regarded as equal in value to the best of 
those which depend on fixation of complement (Bordet-Wassermann) ’. 
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Table I. 


A.n ensemble showing the lilrution of a new heoTl cxlTuct. 


Sets of j 
n. tubes. 

A set with old heart 
extract, 1 in 15. 

A set with new 
extract, I in 

heart 

15. 

A set with new heart 
, extract, 1 in 12$. 

Known +4“+ 6erum y 

1 vol. of 1 in 

10 

25 

50 

10 

25 

50 

10 

1 25 

■ 

i 50 

i 

Complement, 4 
m. h. d. 

1 vol. 

1 

1 

! 1 vol. 

t 

1 vol. 

1 1 

1 vol. 

j 

1 vol. 

1 

j 

1 vol. 

1 vol. 

1 vol. 

1 vol. 

Heart extract (old 3 
in 15, new 1 in 15 
or new 1 in 12$). 

1 vol. 

1 vol. 

1 vol. 

1 vol. 

1 vol. 

1 vol. 

i 

1 vol, 

1 

i 

1 vol. 

1 vol. 



Incubated at room temperature $ 

hour and at 37°C. 

4 hour. 


Sensitized and stan- 
dardized r. b. c. 

I vol. 

1 vol. 

1 vol. 

1 vol. 

1 vol. 

1 vol. 

1 

1 vol. 

1 

1 vol. i 

1 

| 1 vol. 




Incubated 

.at 37°C. 

for $ hour. 







Left in the cold overnight. 





Results for each set are read as : — 

+ + + = Complete inhibition of lysis in the three tubes of a set. 
+ T = A trace of lysis in the last tube, 

4" + rfc = Incomplete fysis in the last tube, 

+ + = Complete inhibition in two tubes only. 

4- T = A trace of lysis in the second tube, 

+ ± = Incomplete lysis in the second tube, 

~ Complete inhibition in one tube only. 

T = A trace of lysis in the first tube, 
dh — Incomplete lysis in the first tube. 
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Table II. 

Comparison of reactions of 2,000 cases with uncliolestennized alcoholic heart- 
extract antigen, cholesterinizcd alcoholic heart-extract antigen, 
and cholesterinizcd Bordet's antigen. 

Series 1. 1,000 cases tested from lltli April, 1939 to 8th May, 1939 

(on 15 working days). 



C'VTEnOKXUS. 

Number of eases. 

Reaction ■with alcoholic 
heart extract, uncholcs- 
terinized (for + 4~ + ) 
and cholesterinizcd (for 
other reactions). 

Reaction with 
cholesterinized 
Bordet’s antigen 
(one tube). 

I 

+ + + 

+ 

55 

II 

++ 


65 

III 

+ 4- 

db 

8 

IV .. 

+ + 

— 

4 

V 

+ 

_L 

i 

10 

VI .. 

+ 

± 

3 

VII 

+ 


1 

VIII 

db 

4- 

68 

IX 

± 

± 

44 

X 

db 

— 

49 

XI 


4~ 

22 

XII 

— 

db 

34 

XJII 

— 


637 



(includes 4 C.S.F.) 




Total . * 

1,000 

(XIV 

Anti- complementary, 

includes I C.S.F. 

i) 


Change in reaction summarized to shoio absolute agreement, relative agreement , 

and total disagreement. 


Reactions with alcoholic extract. 


+ (all grades) . . 146 

dfc •• .. 161 

- . . . . 663 


1,000 

Reactions with Bordet’s antigen. 

+ . . 220 

± •• 89 

- .. 691 


Reactions with Bordet’s antigen. 


+ ± 

130 11 5 

68 44 49 

22 34 637 


Reactions with alcoholic extract. 

+ ± — 
130 68 22 

11 44 34 

5 49 637 


1,000 
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Table II — concld. 


Series 2. 1,000 cases tested from 9th May, 1939 to 3rd June, 1939 

(on 16 working days). 


1 

Categories, 


1 

! 

Reaction with alcoholic 
heart extract, unclioles- 
terinized (for -j- + +) 
and cholesterinized (for 
other ieactions). 

Reaction with 
cholesterinized 
Bordet’s antigen 
(one tube). 

Number of cases. 

I 

+ + 4- 

+ 

57 

II 

++ 

» + 

90 

III 

++ 


17 

IV 

++ 

— 

5 

V 

+ 

+ 

20 

VI 

+ 

± 

, 7 

VII 

+ 

— 

2 

VIII 

± 

+ 

i 33 

IX 

± 

± 

1 00 

X 

± 

— 

i 07 

XI 

— 

+ 

13 

XII 

— 

db 

37 

XIII 


(includes 7 C.S.K.) 

GOG 



Total . . 

3,000 

(XIV 

j Anii-t omplcmonlavy 

i 

«> 


Change in reaction summarized to show absolute agreement, relative 
agreement, and total disagreement. 


Reactions with alcoholic extract. 

4- (all grades) 

204 

± 

140 

— 

650 


1,000 


Reactions with Box deb’s antigen. 


Reactions with Bordet’s antigen. 


+ 

± 

— 

173 

24 

7 

33 

GO 

r>7 

13 

37 

GOG 


Reactions with alcoholic extract. 






+ 

± 

— 

+ .. 

. . 

219 

S=2 

173 

33 

13 

± •• 


111 

s=s 

24 

50 

37 

— 

•• 

070 

“ 

7 

57 

GOG 


1,000 



S. D. S. Greval, S. N. Chandra, and B. C. Das. 


603 


Summary. 

L Different lots of Wassermann antigens, prepared according to the same 
procedure, from different hearts, may differ from one another much more than from 
another kind of antigen prepared according to another procedure. 

2. Plain alcoholic heart extract can be selected and standardized at this stage, 
by comparing its power of fixing complement, with a certain dilution of a pooled 
-j- -|- -j~ serum, with that of a known extract found to be satisfactory. Details are 
given. For borderline cases and critical work the standardized antigen is 
indispensable. 

3. Hremolytic, anti-complementary, and fortifying actions of cholesterol have 
been studied. The hannolytic and anti-complementary action of the combined 
antigen is due to cholesterol. 

4. The plain alcoholic heart extract and the cholesterol solution should be 
mixed in large quantities and stored as combined antigen. The suspension from 
the latter should be made by sudden dilution with saline. 

5. Phenol is also a fortifying agent. It abolishes the haemolytic action of 
the combined antigen. 

6. Preparation of Bordet’s antigen, as used in this laboratory for a long time, 
has been described in detail. It should also be selected and standardized. 

7. Two thousand reactions with three antigens (plain alcoholic heart-extract, 
cholesterinized plain alcoholic heart-extract, and cholesterinized Bordet’s antigen) 
have been tabulated, and explanations and conclusions given. 

8. Cholesterinized plain alcoholic heart-extract antigen (the ordinary 
combined antigen) can be phenolized and made to approach Bordet’s antigen in 
sensitiveness. It has definite uses. 

9. Good antigens can be prepared from sheep’s hearts. 

10. A suggestion is advanced that a Wassermann reaction done with several 
antigens should be preferred to several different reactions done for syphilis. 
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Sokhey ct al. (1937) drew attention to the discrepancies in the literature 
regarding the percentage of shrinkage that occurred in the red cell volume when 
potassium oxalate, 2 mg. per c.c. of blood, was added to prevent coagulation. 
Various workers gave figures that varied from 3 -5 per cent to 8*25 per cent shr ink age. 
These writers, using the same percentage of potassium oxalate, obtained a figure 
of 5 - 75 per cent for shrinkage. 

They also drew attention to the present writers’ observations in this connection. 
We had in two small series used two isotonic anti-coagulants — heparin and 
hirudin — as standards, and had obtained with 0‘2 per cent potassium oxalate 
mean shrinkages of 8'07 and 6 - 86 per cent respectively, in the two series or 
if the findings were taken together, the mean shrinkage was 7-35 per cent 
(wrongly calculated by us as 7‘94 per cent). 

Sokhey et al. (loc. cit.) expressed doubts about the propriety of calculating 
an average from so widely differing ranges of values, doubts which we ourselves 
shared with them and which had led us to ignore our own figure and accept 
Wintrobe’s most recent figure of 8 - 2 per cent shrinkage. 


* The work reported here was done 18 months ago, but we put our findings aside as we felt +i,„ 
further work was necessary. We did not pursue the investigation further and as we now feel £ 
it is unnecessary to do so, we are reporting these findings. ’ now teel tha 

( 605 ) 
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It is true that Wintrobe (1932) does not explain the discrepancies in his 
findings nor state on how many cases or estimations lie based this figure, but it is 
the identical figure that Haden (1930) obtained with the same strength of the same 
anti-coagulant and the one that is now generally accepted by both British (Whitby 
and Britton, 1937) and American hematologists. 

Early in 1937, Wintrobe in a personal communication to one of us (L. E. N.) 
reported that he had found a mixture of potassium and ammonium oxalate, 4 mg. 
and 6 mg. respectively, added to 5 c.c. of blood, formed an isotonic solution. We 
have since found that he has described this method (Wintrobe and Landsberg, 
1935). 

We carried out duplicate packed-cell-volumc estimations in a series of 50 
specimens of blood taken from various sources, using as coagulants potassium 
oxalate 2 mg. to 1 c.c. blood in one side of the centrifuge and the ammonium and 
potassium-oxalate mixture in the other*. The speed of the centrifuge was about 
3,000 revolutions per minute and the time was 30 minutes. 

The data are given in the table below : — 


Table. 
Celt vohtmr. 


Potassium oxalate 0*2 

PER CENT. 


Ammon, and 


Number. 

Crude. 

i i 

' Corrected (A). 1 

__ 

potassium- i 
o\al. inKime. i 
(B) ! 

i Differences 

j K-A- 

1 

32*7 

j 35*04 

“ j 
© 

\ 

—0*54 

2 

1/5*1 

' 10*51 

1G\5S ! 

+ 0*07 

3 

37-0 

! 40*37 

30*80 

-0*57 

4 

20*2 

31-78 

! 32*00 

+ 0*22 

5 

25*0 

27-25 

27*00 

-0-25 

6 

37*5 

40-87 

30*00 

— 1-87 

7 

23*0 

i 27-25 . | 

27*25 

0 

8 

23*8 

1 25-89 

1 

25*00 

1 

-0-89 

0 

24*0 

j 26*16 

26*25 

+ 0-09 


V V rr V A™ ’ lu uiiw small nasKs reac^ containing the requisite 

amount of oxalate powder. The amount of oxalate is small, so dilute aqueous solutions of potassium 
and ammonium oxalate are made and the requisite amounts of these are put into each flask with a 
gmduated prpette The flasks are then dried in a hot-air oven when the oxalate mixture will be left 
in the flask m the form of powder. 

For each c.c. of blood 0-4 c e. of 0-2 per cent potassium-oxalate solution -f 0-G c.c. of 0-2 per cent 
ammonium- oxalate solution is required. 1 
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Table — conld. 


! 

Potassium oxalate 0*2 

PER CENT. 

Ammon, and 

Differences 

B — A. 

Number. 1 

i 

Crude. 

Corrected (A). 

potassium- 
oxal. mixture 
(B). 

i 

30 

35*0 

38*15 

38*16 

+ 0*01 

11 

30*S 

33-57 

33*66 

+ 0*09 

32 

28*0 

30*50 

30*00 

—0*50 

33 

38*0 

41*42 

40*90 

— 0*52 

34 

13*8 

15*06 

15*35 

+0*29 

35 

2S*S 

31*34 

30*61 

-0*73 

16 

19*0 

20*71 

20*50 

-0*21 

17 

33*7 

36*73 

36*80 

+0*07 

IS 

24*5 

26*70 

26*50 

-0*20 

19 

27*7 

30*20 

30-00 

-0*20 

20 

27*0 

29*40 

30*00 

+ 0*60 

21 

26*0 

28*30 

27*00 

-1*30 

22 

26*0 

2S*30 

27‘SO 

-0*50 

23 

27*S 

30*30 

30*00 

-0*30 

24 

30*5 

33*20 

33*20 

0 

25 

32*9 

35*90 

36*00 

+0*10 

26 

16*2 

17*66 

18*00 

+0*34 

27 

24*0 

26*16 

27*00 

+ 0*S4 

2S 

30*7 

33*50 

34*00 

+ 0*50 

29 

30*5 

33*20 

32*10 

-M0 

30 

23*9 

26*00 

27*25 

+ 1*25 

31 

22*0 

24*00 

24*50 

+ 0*50 

32 

40*4 

44*00 

44*70 

+ 0*70 

33 

42*2 

46*00 

45*70 

-0*30 

34 > 

27*5 

30*00 

30*50 

1 

+ 0*50 
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Ilcematological Studies in Indians. 


Table — concld. 



Potassium oxalate 0-2 

PER CENT. 

Ammon, and 
potassium- 
oxal. mixture 

(B). 

Differences 
B— A. 

Number. 

Crude. 

Corrected (A). 

35 

29-4 

32*00 

31*60 

—0*40 

36 

32*1 

35-00 

35*70 

+0-70 

37 

43*0 1 

46*90 

45-20 

-1*70 

38 

45*8 ‘ 

49*90 

48*20 

-1*70 

39 

30*0 

32*70 

32*25 

-0*45 

40 

i 

37-0 1 

40*30 

41*00 

+0-70 

41 1 

38*4 

41*90 

42-00 

+0*10 

42 

23*0 

; 25*10 

25*00 

-0*10 

43 

8*0 

8*70 

8*90 

+ 0*20 

44 

30*0 

j 32*70 

31*75 

-0*95 

45 

17*0 

18*50 

18*75 

+0*25 

46 

33*2 

36-20 

35*00 

-1*20 

47 

22*6 

24-60 

26*00 

+ 1*40 

48 

22*0 

l 23-98 

23*50 

-0*48 

49 

28*0 

j 30-50 

31*50 

+ 1*00 

50 

19*3 

j 21-00 

l 

22*50 

+ 1*50 

Total 

1,415-0 

1,542-00 

1,537-06 

•• 

Mean 

28*300 

30*8400 

i 

30*7412 



It will be seen that the mean of the 1 corrected ’ volume of the potassium 
samples is almost the same as that of the mean volume of the samples with the 
isotonic anti-coagulant. The difference in the individual estimation is usually 
less than 1 per cent but is as high as 1-87 per cent in one instance. These differences 
probably can be accounted for in the reading of the percentages. (It is only possible 
to read to the nearest 1 per cent or possibly 05 per cent but in practice the tubes 
are not always filled accurately to the 100 mark and when the final reading is taken 
a correction for this fact has to be made.) 
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L. Everard Napier, and C. R. Das Gupta. 

These observations appear to corroborate Wintrobe's findings. If this 
ammonium and potassium mixture is an isotonic mixture, then his estimate of 
S - 2 per cent shrinkage appears to have been the right one for 0 - 2 per cent potas- 
sium oxalate, and conversely, if his correction of X T09 for 0-2 per cent potassium 
oxalate, a correction which has been confirmed by others and is almost universally 
accepted, is the right one, then our figures indicate that his ammonium and potas- 
sium-oxalate mixture forms an isotonic solution in which no shrinkage takes place. 

"Whilst \vc agree with Sokhey and his co-workers that it is better to give 
findings uncorrected rather than apply a correction about which, one is uncertain, 
it is not satisfactory to calculate mean corpuscular volumes, etc., on the basis of 
cell volumes that may be too small by as much as 8 per cent and it would be 
much more satisfactory if all workers used the same anti-coagulant. Wintrobe’s 
mixture (ammonium oxalate G mg. and potassium oxalate 4 mg. to 5 c.c. of 
blood) appears to be a satisfactory one and has the great advantage in being 
much cheaper than either heparin or hirudin. 

Summary. 

Packed-cell-volume estimations were done in duplicate on 50 samples of human 
blood from v various sources. In one side of the centrifuge 2 mg. of dry potassium 
oxalate were added as anti-coagulant to each c.c. of blood and in the other a 
mixture of 0 - 8 mg. of potassium and 1-2 mg. of ammonium oxalate. The results 
are tabulated. 

If Wintrobe’s factor, X 1*09, to compensate for shrinkage due to potassium 
oxalate be applied in the case of the former, the means of the two series are almost 
identical. 

It is suggested that this potassium and ammonium-oxalate mixture be adopted 
as a standard anti-coagulant. 
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A NOTE ON THE BIOCHEMICAL AND SEEOLOGICAL 
CLASSIFICATION OF THE STAPHYLOCOCCI . 

BY 

AMAH NATH GOYLE, 

AND 

R. L. HAVILANR MINCHIN. 

{From the Central Research Institute, Kasauli.) 

[Received for publication, September 30, 1939.] 

The classification of the Staphylococci presents certain difficulties for, although 
fairly satisfactory methods exist for distinguishing the pathogenic from the sapro- 
phytic varieties, methods of differentiating the various types of pathogens have 
not been fully worked out. 

In view of the number of recent papers that have appeared in Europe and 
America on the serological and biochemical classification of pathogenic staphylo- 
cocci it was decided to try certain of these methods to see whether they were 
applicable to organisms isolated in India. Strains were obtained from patients at 
the Amritsar Civil Hospital through the courtesy of Major S. M. K. Malliek, i.m.s., 
and were also isolated locally at Kasauli. 


Material and methods. 


Isolation of strains. 


In the hospitals supplying the specimens, pus or other infected material was 
smeared on blood-agar slopes, which were forwarded to Kasauli where they were 
plated out on nutrient agar and blood agar, a typical colony was then picked off 
and further plated after having been identified as a Staphylococcus by microscopic 
examination. Similar methods were employed in the case of organisms from 
rubbings of presumably healthy skin of inhabitants of Kasauli with the object of 
obtaining strains which might be of non-pathogenic type, for comparison ; all the 
strains dealt with in this report were from human sources. 

The following points of each strain were studied : — ' ' 

(a) Pigment production. 

(b) Gelatine liquefaction. 

(c) Mannite fermentation. ‘ . ' ' 


J, MR 


( 611 ) 


1 



612 Biochemical and Serological Classification of Staphylococci. 


(d) Hsemolysin production. 

(e) Coagulase test. 

(f) Serological investigations. 

(а) Pigment production. 

Pure cultures were grown on agar at 37°C. for 24 hours and left at room 
temperature for a month. The colour obtained varied from white to deep goklen- 
yellow but it was found impossible to differentiate between the gold and yellow 
described by previous workers as the grades of colour obtained presented far too 
many intermediate shades. Thus, for the purpose of this paper the strains are only 
described as pigmented or white, although one might have differentiated some as 
golden {aureus) or yellow {citrous). 

(б) Gelatine liquefaction. 

Stab cultures in 15 per cent gelatine were made and kept at 22°C. for a month and 
liquefaction noted. 

( c ) Mannite fermentation. 

The strains were grown in peptone water containing one per cent mannitol and 
Andrade’s indicator. The majority of the strains producing acid did so after a few 
days’ incubation but no strain was reported as negative until incubation had been 
continued for sixteen days. 


{d) Ilceniolysin production. 

The Staphylococcal strains were grown on a semi-solid agar medium containing 
1 per cent Lab-Lemco, 4 per cent peptone (Witte’s), and 0'6 per cent agar buffered 
at pH 7 - 0 with a M/15 phosphate buffer. The cultures were incubated in an 
atmosphere of 20 per cent carbon-dioxide for six days, and the medium was filtered 
through gauze and tested for the presence of hasniolysins against rabbits’ and sheep’s 
cells. In all but three cases where haemolysin production is shown as positive the 
a-haunolysis, i.e., of rabbit cells, proceeded further than the haemolysis of sheep 
cells. In the three cases, the /3-hsemolysis, i.e., hot-cold haemolysis of the sheep 
cells, occurred at considerably higher dilutions of the toxin than did the a-luemo- 
lysis of rabbit cells. 

! (e) Coagulase test. 

coagulase test was carried out by a modification of the method described 
'Jr °?/? SOn aa( . Khorazo (1937), i.e., oxalated rabbit plasma was obtained by 
adding 10 e.e. of blood to the residue obtained by evaporating to dryness in an 
incubator 0 25 c.c. of sterile 8 per cent potassium-oxalate solution. To 0'5 c.c. 
of this plasma a similar volume of a 24-hour broth culture of the Staphylococcus 
under, investigation was added and the mixture incubated at 37°C. for 4 hours. 
A positive test was indicated by solidification of the mixture. 


(/) Serological investigations. 

. Preparation of agglutinating sera .- The method employed for serological 
investigation of the various strains was that described by Cowan (1939) and for this 
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purpose three of his type strains were kindly provided by him. Each Staphylococcal 
type strain was grown in ordinary broth for 18 hours and killed by heating at 60°C. 
for one hour. The suspension was then centrifuged, the supernatant fluid discarded, 
and the mixture brought to the original volume with normal saline. One c.c. of 
this suspension was injected intravenously into rabbits on three consecutive days, 
the procedure being repeated on three separate occasions at weekly intervals. The 
rabbits were bled on the 7th and the 9th day after the last inoculation. 

Absorption oj sera. — To obtain pure-type sera the sera prepared as above were 
absorbed by incubating together 1 c.c. of the original serum with 2 c.c. of a thick 
saline suspension of agar cultures of each of the other two types of organisms for two 
hours in the incubator and in the refrigerator overnight, the resulting centrifuged 
serum thus being 1 in 5 dilution of the original. 

Agglutination. — The organism to be tested was grown for 18 hours in ordinary 
broth, rapidly heated in a water-bath at 100°C. for half an hour, cooled, centrifuged, 
and the deposit re-suspended in 0‘5 c.c. broth. One drop of this suspension from 
a fine capillary pipette was mixed on a slide with a loopful of the serum diluted 1 in 
5. The slide was rocked for three minutes and agglutination observed by naked- 
eye and hand-lens examination. In those cases where agglutination was observed 
with more than one of the type sera the test was repeated with absorbed sera. In 
addition to these strains that fell into definite serological groups, certain strains 
are reported as unstable, others as giving irregular agglutination, and lastly a small 
group was observed in which no agglutination occurred with any of the sera. 

Results. 

The results obtained in the various tests are shown in the tables. Table I 
shows the biochemical and serological results obtained with the strains isolated 
from pathological sources and from the smaller number of strains -isolated from the 
skin of healthy persons. As explained above the strains under investigation were 
first plated out, identified as Staphylococci, and all the tests carried out on a pure 
culture of a single colony. With most organisms such a procedure would produce 
satisfactory results, but unfortunately, with such an ubiquitous group of organisms 
as the Staphylococci, complications are introduced as it is possible to find, or acciden- 
tally contaminate, a pathogenic staphylococcal specimen with a non-pathogenic 
organism, and similarly pathogenic organisms may often be found existing sapro- 
phytically on healthy skin. It is of course impossible to determine whether any 
particular organism is pathogenic by animal inoculation as those strains that 
produce lesions in laboratory animals are not necessarily harmful to man. 

Examination of Table I, however, brings out certain definite points. It can 
be seen, for example, that 83 per cent of the strains from pathological sources are 
pigmented compared with the 18 per cent of non-pathogenic origin. That non- 
chromogenic strains are sometimes pathogenic is of course well known, in fact the 
classical toxin-producing strain (Wood 86) is non-pigmented, and the usual assump- 
tion is that the pathogenic white strains are variants from the pigmented strains 
(Blair, 1939). However, these findings again demonstrate the unreliability of the 
classical classification into aureus and albus groups from the point of view of patho- 
genicity, and therefore in Table II where the organisms are shown classified accord- 
ing to colour the albus group is divided into two parts : (a) the pathological and 
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(b) the saprophytic in the same way as in the table given by Cruickshank (1937), in 
this case the potential pathogenicity of the organism being judged by the presence of 
a positive coagulase test, a finding which most observers (Blair, loc. cil . ; Fisher, 1936) 
consider runs parallel with pathogenicity. Further examination of Table I shows 
that though the organisms from pathogenic sources gave a higher proportion of 
gelatine liquefiers, mannite fermenters, and haemolysin-producing strains, these 
characteristics were not constant enough to distinguish the types under examination. 

Table III was prepared to compare the biochemical and serological character- 
istics of the coagulase-positive and coagulase-negative strains, because of the very 
close relationship that has been claimed to exist between pathogenicity and a 
coagulase-positive result (Blair ; Fisher ; loc. tit.). If the production of coagulase is 
taken as the criterion for a pathogenic strain a much closer correlation is shown 
m the results of the other tests, viz., positive gelatine liquefaction, mannite fermen- 
tation, and haemolysin production in the case of coagulase-producing strains than 
in the case of coagulase-non-producing strains. 

The results obtained in the agglutination tests are shown in the tables. The 
most strildng point is that only 33 per cent of the strains from pathological 
sources (Table I) gave definite agglutination with sera of Cowan’s three types, 
and even if a positive coagulase reaction is considered a better criterion of 
pathogenicity Table III shows that the figure is only improved to 69 per cent. 
This figure is exactly the same as that obtained by Cowan (loc. tit.), but here 
we also obtained no less than 18 per cent type-positive strains in the organisms 
from non-pathologieal sources or 29 per cent in the coagulase-negative group 
compared with Cowan’s zero findings. 


Summary and conclusions. 

In the examination of 101 strains of Staphylococci isolated in India, from patho- 
logical sources and healthy skins, the following points were collected : — 

1. The majority of the strains (76 per cent) isolated from pathological sources 
was pigmented and in addition gave a positive coagulase test (sec Table IV). 

2. The majority (76 per cent) from healthy skin was non-pigmented and did 
not produce coagulase. 

_ 3. An equal proportion from pathological sources and healthy skins gave a 
positive result with one or other of these tests. 

4. 90 '5 per cent of the Staphylococci from pathological sources were either 
pigmented or coagulase-positive. 

5. ^ The application of serological classification on the lines adopted by Cowan 
(loc. tit.), resulted in the classification of only 33 per cent of the strains from 
pathological sources, while no less than 18 per cent of strains from healthy skins 
gave agglutination with his serological types. 
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Table I. 

Staphylococcal strains classified on source. 




70 1 73 

72 

67 

70 

7 

3 

19 

3 

10 

Percentage 
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56 

80 
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12 


N on-pathogenic source 17. 
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Table II. 


Staphylococci classified on colour and presumed pathogenicity. 
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67 

67 

1 

63 

66 

3 

3 

17 

29 

8 

11 
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24 

69 

95 

4 

4 

24 

42 

77 

15 

Non-pigmented coagulase- 
positive S* albus patho- 
logical variants from S . 
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Total 7 

6 

| 

7 

6 

1 
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0 
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3 
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1 
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56 
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6 

6 

43 

43 

24 
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Table III. 

Comparing the c It uva ct eristics of the coagulase-positive . {presumably 
‘pathogenic strains) with the coagulase-negative 
{presumably non-pathogenic). 
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Table IV. 


Showing number of strains from different sources and their coaguJase ami 

pigment characteristics. 



From pathological 
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* 

From healtiiv 
skin. Total 17. 


Number. 

Per cent. 

Number. 

Per cent. 

Pigmented and coagulase-positive 

G4 

! 76 

2 

IS 

! 

Pigmented and coagulase-negative . . 1 

6 

i 

7 

1 

1 

5 

1 

Non -pigmented and coagulase-positive .. %m \ 

6 

7 

1 

5 

Non-pigmented and coagulase-negative . . 

8 

9*5 

13 

76 

























Ind . Jour . ilfccf. Res., 27, 3, January. 1940. 


OXIDATIONS EFFECTED BY THE PLAGUE BACILLUS. 
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[Received for publication, August 28, 1939.] 


Introduction. 

In a previous communication dealing with the metabolism of the plague bacillus 
the nutritional requirements of the organism were reported (Rao, 1939). In the 
present paper are described manometric experiments on the oxidations catalysed 
by suspensions of the bacillus. The main object has been to collect quantitative 
data on the ability of the organism to oxidize and thus utilize as energy sources the 
more important sugars, organic acids and amino-acids met with in the environment. 
This information serves also as a necessary preliminary to further investigations 
on aspects of bacterial oxidation and reduction. The experiments are concerned 
only, with the question whether a given compound is oxidized and of the rate of 
oxidations under defined conditions. The nature of the oxidation products, the 
path of break-down, and other details being outside the scope are not considered. 
The use of washed suspensions for the study of bacterial metabolism (the so-called 
‘ resting cell ’ technique) that is used here has the following important and 
recognized advantages over other methods : the bacterial cells are in a condition 
unfavourable for multiplication so that respiratory activity can be studied to a 
large extent in isolation from activity associated with growth : the suspension, 
which can be standardized, behaves like an enzyme solution : a single substrate 
can be studied at a time : manometric and microchemical methods can be applied 
to obtain quantitative results. The method is almost indispensable for the 
investigation of a micro-organism like the plague bacillus the metabolism of which 
is very little known. 

Technique. 

Bacterial suspensions. — The plague strain e 120/5H, virulent ’ (which has been 
selected and used for studying other aspects of metabolism as well) was used for 
all the experiments. Some of the experiments were repeated with another strain, 

‘ I, virulent of a different origin and were found to yield results similar in all 

( 617 ) 
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important respects. The strain was transferred from the stock blood-agar sub- 
culture into 200 c.c. acid-digest broth and grown for a week. The broth-culture, 
after testing purity, was stored in the refrigerator and was used for plating Roux 
bottles (5 c.c. culture per bottle) containing acid-digest broth at pH 6’9 with 2 per 
cent agar. After 48 hours’ incubation at 27°C. the thick bacterial growth from 
the agar surface was dislodged and collected in 0'85 per cent saline by rolling 
a few spherical and smooth glass-beads. The suspension was centrifuged at 3,000 
r.p.m. for 15 minutes and the sedimented bacteria were re-suspended in fresh saline. 
They were not washed further since certain oxidation catalysts are lost during the 
process (unpublished experiments). The suspension was shaken with glass-beads 
to break up clumps and its bacterial content was determined by drying TOO c.c. at 
100°C. for one hour and weighing the residue accurately. The weight of the 
bacteria in the dry residue is obtained by deducting its content of NaCl (8'5 mg.) 
from the total weight. The suspension was diluted further with saline to contain 
20 mg. bacteria, dry weight, per c.c. Each Roux bottle produces about 100 mg. 
bacteria or 5 c.c. standard suspension. The suspension was prepared fresh each 
day since its activity falls even in the refrigerator. 

Manometrio methods . — The oxidation reactions were studied with Warburg 
manometers which were shaken at the rate of 100 oscillations per minute in a 
water-bath maintained electrically at 27 ± 0'05°C. Conical manometric vessels of 
15 c.c. to 17 c.c. capacity with side bulbs were used. Each vessel contained the 
following quantities of solutions : the side bulb contained 0 - 50 c.c. bacterial sus- 
pension containing 10 mg. bacteria ; the central well contained 0T0 c.c. 20 per cent 
KOH with a small roll of filter-paper ; the main chamber contained 0T0 c.c. distilled 
water, 2 ‘00 c.c. of the substrate solution (or in the controls 2 - 00 c.c. distilled water) 
and 0*30 c.c. of M/1 *5 phosphate buffer at pH 7-0 ; the total volume being 
3-00 c.c. ; the gas-space consisted of air. After 15 to 20 minutes’ shaking for 
temperature equilibration, the bacteria were tipped into the main chamber, -which 
marked the zero minute of the reaction. A thermo-barometer and a control 
manometer (with bacteria but no substrate) were always run with every batch 
of manometers. Further details of manometric technique were exactly as des- 
cribed by Dixon (1934). 

Substrates. -In Table I are fisted all the compounds which were tested for 
bacterial oxidation. They were chemically pure, natural or synthetic, samples 
supplied by Merck, Kahlbaum, or Schuchardt, or prepared in the laboratory. A 
few of them were further purified. The substrate concentration was 0‘05 molar with 
three exceptions, which were : (1) ethyl alcohol which is inhibitory at this concen- 
tration, (2) cystine which is not soluble to the extent required at the necessary pH, 
and (3) cystein hydrochloride which was used at the same concentration as cystine 
for comparison. These three compounds were used at a uniform concentration of 
4 mg. per vessel. Tyrosine which is insoluble was used as a fine suspension All 
the substrates were neutralized to pH 7*0 (phenol red) with NaOH or HC1 before 
use. In the absence of a complete series of samples of the optical isomers of the 
ammo-acids little light could be thrown on optical specificity. 

Expression oj results. Oxidation is indicated and measured by the increased 
oxygen uptake of the bacteria in the presence of the substrate. The 0 2 -uptake 
of the bacteria in the absence of substrate was determined in a separate control 
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manometer for every parallel series of manometers, and subtracted from tbe 02- 
uptakes observed with each substrate in that series to obtain that due to tbe oxi- 
dation of tbe substrates. This is expressed as cu. mm. oxygen (at N. T. P.) 
taken up by 10 mg. bacteria at a substrate concentration of 0 - 05 M. and 27°C. and 
corrected for control. Oxidation curves obtained by plotting 02-uptake in cu. 
mm. against time of reaction in minutes are presented for all those substrates which 
are oxidized at appreciable rates. (In Graph 1 are given the oxidation curves 
for carbohydrates, in Graph 2 for amino-acids, and in Graph 3 for organic acids.) 
The rate of oxidation has been expressed as the metabolic quotient, Q 0 ( see 
Table I). 2 


Cu. mm. oxygen absorbed 

mg. bacteria x hours 

= cu. mm. oxygen absorbed by 1 mg. bacteria in 1 hour. From 
the oxidation curves it can be seen that during the one hour that the reaction has 
been followed the rate varies considerably from point to point. The Q 0 values of 

Table I have therefore been calculated for the entire period and represent the 
average rates of oxidation for the first hour. 


Table I. 


The rates of oxidation of substrates by the plague bacillus. 


Substrate. 

% 

Substrate. 

Q °2 

d (+)-mannose 

36-1 

{ZZ-proline 

9*79 

d(+)-gluc°se 

35-8 

succinate 

7*30 

d ( — ) -fructose 

34-6 

Z-cystine (4 mg.) 

5*35 

d (+)-gala c t°se 

31-5 

eZ-glutamate 

5-20 

(ZZ-lactate 

29*1 

Z (+)-arabinose 

4*90 

hexosedipliosphate 

28*5 

glycine 

4*88 

maltose 

27*4 

fZZ-cystine (4 mg.) 

3*87 

pyruvate 

21*6 

cystein HC1 (4 mg.) . . 

3*48 

d-mannitol . . 

18*1 

citrate 

3*21 

dl - serine 

14*6 

(ZZ-phenylalanine 

3*20 

dl - alanine 

13*0 

Z-tyrosine . . 

2*87 

acetate 

11*0 

lactose 

2*73 

fumarate 

10*3 

ethyl alcohol (4 mg.) .. 

2*61 

Z-malate 

9*85 

d (+)-tartrate 

2*52 
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Table I — concld. 


Substrate. 

Q 0 

U 2 

Substrate. 

Q o 

U 2 

1 (+ ) -rhamnose 

2*43 

glycerol 

0 

^-methionine 

1-92 

formate 

0 

^(+)' x y* ose 

1-59 

propionate 

0 

sucrose 

1*56 

butyrate ♦ . 

0 

il dulcitol 

1*19 

capronate . . 

0 

JZ-isoleucine 

1*13 

d/-nspartate . . . . 

0 

dU valine 

0*89 | 

Z-fysine 

0 

cZMeucine 

0*16 

Miistidinc . . 

0 

raffinose * . 

0 

d-argininc . . 

0 

tZ- sorbitol 

0 

/-tryptophane 

0 


Results and discussion. 

In Table I is given tlie list of compounds tested for oxidation by tbe bacillus 
arranged in the decreasing order of their Q q values. In the discussion that follows 

the chemical structure of the substrate compounds is given so as to convey, as far 
as possible, the relation of structure to oxidizability. Towards 12 out of the 48 
compounds tested the bacillus possesses no oxidative activity whatever. Several 
others are oxidized only to a slight extent. The highest activity recorded is dis- 
played towards the hexose sugars ( see Graph 3). 

Glucose, fructose, and mannose, are oxidized at approximately equal rates, 
and galactose at a slightly lower rate. The disaccharide maltose (or glucose-4- 
a-glucoside) is oxidized vigorously, lactose (or glucose-4-j8-galactoside) moderately, 
and sucrose (or l-a-glucoside-2-jS-fructofuranose) slightly. The triasaccharide 
raffinose (or 2-f3-fructofuranose-l-a-glucose-6-a-galactoside) is not oxidized.* 
Oxidative activity towards the pentoses is considerably less than that towards 
the hexoses. Arabinose is oxidized moderately ; the methyl-pentose, rhamnose, 
at half this rate, and xylose at a still lower rate. Of the sugar-alcohols mannitol 
is oxidized rapidly, but dulcitol is oxidized slightly, while sorbitol is not attacked. 
Hexosediphosphate (1 : 6-dipbosphofructofuranose) is oxidized at a rate slightly 
below that of the hexoses. This is a fact of considerable interest in view of the 
recent demonstration that in the biological break-down of sugar through phos- 
porylated intermediates hexosediphosphate holds a central position. 


*A rapid oxidation observed with a sample of raffinose was found to be due to the presence of a 
trace of glucose as an impurity. The sugar when freed from this impurity was not oxidized. 
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Graph 1. 



Oxidation of cakbohydkates.-— A-marmose ; E-glucose ; C-fructose ; E-galactose ; E-hexosediphos- 
pliate ; E-maltose ; G-mamritol ; H-arabinose ; I-lactose ; J-rhamnose ; K-xyloBe ; and 
L-sucrose. 
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Oxidations Effected by the Plague Bacillus. 

The amino-acids are oxidized by the plague bacillus at rates which are in general 
lower than those of carbohydrates (see Graph 2 ). Glycine [CH 2 (NH 2 ).COOH] is 
oxidized at a moderate rate. Alanine [CH 3 .CH(NH 2 ).COOH] is attacked rapidly. 
Aspartic acid [HOOC.CH 2 .CH(NH 2 ).COOH] is not oxidized but glutamic acid 
[H00C.CH 2 .CH 2 .CH(NH 2 ).C00H] is oxidized. Serine [CH 2 OH.CH(NH 2 ).COOH] 
has the highest oxidation rate among the amino-acids. Cystine [HOOC.CH(NH 2 ). 
CH 2 S—SH 2 C.CH(NH 2 ).COOH] and cystein [CH 2 SH.CH(NH 2 ).COOH] are both 
oxidized, hcystine is oxidized at a higher rate than (^-cystine indicating that the 
natural isomer ( l - ) is preferentially attacked. Methionine [CH 3 .S.CH 2 .CH 2 . 
CH('NH 2 ).COOH] is attacked at a slow rate. The amino-acids with aromatic nuclei, 
phenylalanine [C 6 H 6 .CH 2 .CH(NH 2 ).COOH], and tyrosine [HO.C 6 H 4 .CH 2 .CH(NH 2 ). 
i_OOH], are both oxidized at nearly equal rates though the latter is almost insoluble 
at pH 7. Proline (a-pyrrolidine carboxylic acid) is oxidized rapidly. _ Tryptophane 
(/ 3 -indoIe-a-aminopropionic acid) is, however, not attacked. It is of interest 
to compare this with the known observation that the indole test is always negative 
with the plague bacillus. Isoleucine and valine are slightly and leucine is hardly 
oxidized. Lysine, histidine, and arginine, are left untouched. It should be noted 
that the amino-acids essential for growth, viz., proline, phenjdalanine, and cystine 
(Rao, loc. cit.), are all oxidized by the bacillus. 

The biologically important organic acids tested are oxidized at rates which are in 
general higher than those of amino-acids but lower than those of sugars (see Graph 3). 
Lactic acid [CH 3 .CHOH.COOH] has next to the hexoses the highest oxidation 
rate. Pyruvic acid [CH 3 .CO.COOH] is also oxidized at a high rate. Though acetic 
acid [CH 3 .COOH] is oxidized at a good rate none of the other monobasic saturated 
acids tested, formic, propionic, butyric, and capronic, are attacked. Fumaric acid 
[HOOC.CH— HC.COOH], malic acid [HOOC.CH 2 .CHOH.COOH], and succinic acid 
[HOOC.CH 2 .CH 2 .COOH], are oxidized at nearly equal rates. But citric acid 
[HOOC.CH 2 .C.OH.COOH.CH 2 .COOH] and tartaric acid [HOOC.CHOH.CHOH. 
COOH] axe oxidized to a slight extent only. 

Of the remaining compounds glycerol [CH 2 OH.CHOH.CH 2 OH] is not oxidized. 
Ethyl alcohol [CH 3 .CH 2 OH] is inhibitory at 0’05 M. concentration but is oxidized 
at lower concentrations. 

It is pertinent to inquire how far the oxidations studied are paralleled by the 
fermentation reactions described in the bacteriological literature* Oxidation in 
which molecular oxygen is the final hydrogen-acceptor is different from fermentation 
or break-down in the absence of oxygen, particularly with reference to the end- 
products. However, a basis of comparison is possible since the fundamental condi- 
tion for the occurrence of either reaction is the activation of the substrate. When 
an organism ferments a substrate it should be expected to oxidize it as well and 
vice versa, though the production of acidity which accompanies the fermentation of 
carbohydrates and some other compounds, and which is taken as the main evidence 
for the occurrence of fermentation in bacteriological tests, may not take place 
with several other types of substrates, Petrie (1929) has summarized in a tabular 
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Graph 2. 



DATIOH OF amino-aoids.— A-serine ; B- alanine ; C-proline ; D-Z-cystine ; E-glycine ; E-slutamic 
acid; G-phenylalanine ; H-tyrosine; and I-methionine. 
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Oxidations Effected by the Plague Bacillus. 


Gkaph 3 . 



Minutes. 

Oxidation of ORGANIC aoids. — A-lactic acid ; B-pyruvic acid ; C-acetic acid ; D-fumaric acid j 
E-m*alic acid; E-succinic acid; G-cifcric acid; and H-tartaric acid. 
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form 12 sets of observations by different workers on tlie fermentation reactions 
(acid production) of the plague bacillus. The observations relating to such of the 
compounds studied here have been re-cast in Table II and presented side by side 
with the oxidation rates : — 


Table II. 

A comparison of oxidation with fermentation reactions of the plague bacillus. 
Observations on fermentation adapted from Petrie (1929). 



Oxidation. 

Fermentation. 

Substrate. 

Qq 

z 

Number of 
times acid 
production 
observed. 

Total 
number of 
observations. 

Glucose 

35-8 

12 

12 

Fructose 

34*G 

11 

11 

Galactose 

31-5 

10 

11 

Maltose 

27*4 

10 

12 

Mannitol 

18*1 

11 

12 

Arabinose , , , 

4*90 

3 

5 

Lactose 

j 2*73 

0 

12 

Rhamnose 

2*43 

1 

1 

Xylose 

1*59 

1 

2 

Sucrose 

1*56 

0 

12 

Dulcitol 

1*19 

1 

9 

Raffinose 

0 

0 

G 

Sorbitol 

0 

0 

4 

Glycerol 

0 

3 

G 


A strict comparison of the two types of data is difficult on account of the fact 
that many of the observations on fermentation are not consistent, due either to 
real differences in the activities of the different strains or apparent differences 
caused by wide variations in the technique, and of the fact that the observations 
are purely qualitative. A general parallel between oxidative and fermentative 
abilities of . the plague bacillus is evident. Manometric experiments clearly show a 
definite measurable action on substrates like lactose and sucrose though fermen- 
tation tests reveal no action whatever. 
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The study of oxidation conclusively indicates which of the several compounds 
occurring in the culture media are available to the plague bacillus as energy sources 
and which of them are metabolized. Glucose or lactic acid are the best (and the 
least expensive) carbon sources that can be used to supplement media. Of the 
amino-acids the following only are of service as nitrogen and energy sources, and 
consequently only these can be added to enrich media : serine, alanine, proline, 
cystine, glutamic acid, glycine, phenylalanine, tyrosine, and methionine. The 
two synthetic protein-free media described by the author previously (Rao, loc. cit.) 
can be modified in the light of these facts. 

Summary. 

1. The oxidation of forty-eight compounds (carbohydrates, amino-acids, and 
organic acids) by suspensions of strain ‘ 120/5H, virulent ’ of the plague bacillus 
has been studied manonietrically in air at 27°C. and 0'05 M. substrate concentra- 
tion. The metabolic quotient, Q 0 , has been calculated in each case and oxidation 
curves have been constructed. 2 

2. The oxidative activity of the bacillus is greater towards carbohydrates 
(Q 36T to 1*59) than towards organic acids (Q n 29T to 2 - 52) or towards the 

^2 Y ' 2 

amino-acids (Q 0 14- 6 to 0T6). Only thirty-six of the compounds tested are 
oxidized'. 2 

3. Substrates which undergo pronounced oxidation fall in the .following series 
of relative oxidation rates : — 

Carbohydrates : mannose>glucose>fructose>galactose>hexosediphos* 
phate > maltose > mannitol > arabinose > lactose> rhamnose> 
xylose> sucrose> dulcitol. 

Amino-acids: serine>alanine>proline>cystine>glutamate>glycine> 

phenylalanine > tyrosine > methionine. 

Organic acids : lactate>pyruvate>acetate>fumarate>malate>succi- 
nate> citrate >• tartrate. 

4. In the light of these experiments it is concluded that the best energy and 
carbon sources to supplement media are glucose and lactate. The amino-acids 
which are available to the bacillus as nitrogen sources are : serine, alanine, proline, 
cystine, glutamic acid, glycine, phenylalanine, tyrosine, and methionine. 
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The introduction of the methylene-blue treatment for leprosy by Mont el (1934) 
directed attention to the nature of the action of the dye on Myco. lepree. Dorolle 
and Ngo-Quang-Ly (1935), while reporting improvement in the clinical symptoms, 
found that the dye treatment had very little action on the lepra bacilli ; only in 
two out of the 18 cases did the bacilli disappear from the nose and in no case 
from the cutaneous lesions. Lepine and Markianos (1935) studied the action of 
methylene blue on the morphology and the staining properties of the bacillus. 
They punctured the leprous lesions after intravenous injections of the dye and 
stained the exudate by Ziehl-Neelsen method. The bacilli stained blue and not 
red and some of them looked granular. Lepine and Markianos attributed these 
changes to the direct degenerating action of the dye on the bacilli. 

Due to obvious difficulties in investigating the action of the dye in vitro on 
Myco. lepree, attention was diverted to the allied organism, Myco. lepree nmris — 
the causative organism of rat leprosy. Berny (1935) prepared an emulsion of rat 
leproma from an infected rat and treated it with 1 per cent solution of methylene 
blue for 12 to 24 hours. The treated emulsion was injected into six rats, only two 
of which survived the dose. These two developed rat leprosy in due course. The 
dye, therefore, had no attenuating effect on the organism. Marchoux and Chorine 
(1935) investigated the in vivo action of the dye on the rat-leprosy bacillus. Experi- 
mentally infected rats were injected intravenously with the dye solution and were 
sacrificed after varying intervals for microscopic examination. They found that, 
while in the living cells the stain is reduced to a colourless product, the rat-leprosy 
bacilli retain the blue colour. They suggested that the dye, although in itself not 
lethal to the organism, may serve to convey an active substance into them — - — - 
j, mr ( 627 ) 
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The present work. 

The following experiments were undertaken with a view to verifying the 
findings regarding the in vitro and in vivo action of methylene blue on the rat- 
leprosy bacillus : — 

The in vitro action of methylene blue on rat-leprosy bacillus. 

An emulsion rich in rat-leprosy bacillus was prepared from the liver of an 
experimentally infected rat. The emulsion was -divided into three parts, to one 
part was added equal amount of 1 per cent aqueous solution of methylene blue, to 
the second saturated solution (2 per cent) of the dye was added in the proportion 
of five drops to 1 c.c. of the emulsion, and the third part was not treated in any way 
and served as a control. The dye solutions were sterilized in an autoclave, as in a 
preliminary experiment in which unsterilized dye solution was used most of the 
animals died. Before being injected into rats the treated and the untreated emul- 
sions were kept at 37°C. for two hours. Ten rats were inoculated with each of the 
treated emulsions and twenty with the untreated emulsion. Each rat received 
1 c.c. of the emulsion, 0-5 c.c. subcutaneously into the right groin and 05 c.c. intra- 
peritoneally. When any animal died a post-mortem examination was done and 
smears taken from the different organs were stained with Ziehl-Neelsen stain to 
ascertain whether or not there was generalized infection. The rats that died before 
the expiry of three months were not taken into account as the disease rarely 
develops before that period. 

Results — Out of the twenty rats inoculated with untreated emulsion 14 survived 
for three months and longer. Twelve out of the fourteen were examined and showed 
generalized infection. Of the 10 rats injected with the emulsion treated with equal 
amounts of 1 per cent methylene-blue solution, six survived beyond three months. 
Four of them showed generalized infection and two only localized infection ; these 
two had lived only a little beyond three months. Of the 10 animals injected with 
the emulsion treated with saturated solution of the dye, six survived beyond three 
months and all of them showed generalized infection. These results are shown in 
the Table : — 


Table. 


Nature of emulsion. 

1 

Number 
of rats 
inoculated. 

Number 

survived 

beyond 

I three 

i months. 

Number 

showing 

generalized 

infection. 

Remaeks. 

Emulsion treated with equal 
part of 1 per cent solution of 
methylene blue. 

10 

. 

6 

! I 

1 : 

4 

Two lived only a little 
over three months. 

Emulsion treated with 2 per 
cent solution of methylene blue 
(5 drops to 1 c.c. of emulsion). 

10 

i 

| 6 

6 

• • 

Untreated emulsion 

20 ; 

1 

14 

12 

Two rats were not 
examined. 
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The experiment showed that the dye had no attenuating effect on the 
rat-leprosy bacillus. 

The action of the dye on the staining properties of the bacillus in vitro was 
next studied. An emuision of the organism was mixed with an equal part 
of 1 per cent solution of methylene blue. The mixture was kept in the incubator 
at 37°C. and smears were taken every few hours up to 48 hours. These smears 
were stained by the Ziehl-Neelsen method. The bacilli were stained red as 
usual and not blue. 


The in vivo action of methylene blue on Myco. lepras muris. 

A sterile 1 per cent solution of methylene blue was injected intrap eritoneally 
into 10 rats experimentally infected with rat leprosy about six months 
previously. Four of the rats received a single injection of 1 c.c. each and were 
sacrificed at the end of 1, 3, and 6 hours respectively, two being sacrificed at 
the end of 6 hours. Another four received a single injection of 0‘5 c.c. and 
were sacrificed at the end of 1, 2, 3, and 7 days. One rat received three injec- 
tions ol 0’5 c.c. within two weeks and was sacrificed at the end of that period. 
The remaining one received five injections of '0 - 5 c.c. "within three weeks and 
was sacrificed at the end of that period. 

Examination . — When a rat was sacrificed three smears were made from each 
of the following organs : viz., liver, spleen, omentum, inguinal, axillary, and cervical 
glands. One smear was examined unstained to detect any blue bacilli, the other 
was stained with Ziehl-Neelsen method but, after decolorization, the counter- 
staining with methylene blue was omitted, and the third smear was stained by the 
usual Ziehl-Neelsen method. In addition to making smears, frozen and paraffin 
sections from the different organs were made in a few instances. 

Results . — No change in the morphology of the bacillus was found in any of 
the smears or sections. 

In unstained smears and in frozen sections examined unstained, no blue 
bacilli were encountered. 

In sections stained by the Ziehl-Neelsen method, the bacilli were always red. 

In smears stained with carbol-fuchsin and decolorized with acid-alcohol, the 
bacilli were always bright red. 

In smears stained as above but counterstained with methylene blue after 
decolorization, i.e., according to the usual Ziehl-Neelsen method, the bacilli were 
usually red. In some smears, however, the red colour of the bacilli was not so 
bright and was to some extent masked by the blue colour. This appearance was 
most marked in smears from a rat killed six hours after the methylene-blue 
injection. The experiment was repeated. Another rat was injected with 1 c.c. of 
the dye solution and sacrificed six hours later. No masking of the red colour of 
the bacilli in smears from this rat stained by the Ziehl-Neelsen method was seen. 
The masking of the red colour in the previous case appears to have been due to 
overstaining with methylene blue, as in smears that were not counterstained with 
methylene blue after decolorization the bacilli. looked quite red. 
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Conclusions. 

1. In vitro methylene blue has no attenuating effect on Myco. leprce muris. 
Berny’s findings on this point have been confirmed. 

2. In vitro methylene blue has no action on the acid-fast property of 
Myco. leprce muris. 

3. In vivo methylene blue has no degenerating action on Myco. leprce muris 
and does not in any way change its morphology or staining properties. Even 
repeated injections of the dye have no effect in this respect. We have not been 
able to confirm the findings of Marchoux and Chorine in this connection. 
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Introduction. 

It lias been asserted (Clarice, 1930) that rheumatic infection does not occur in 
the Tropics, i.e., in the area which lies between 23° and 28" North and South of the 
Equator. This statement has gained wide currency in the medical literature on 
diseases in the Tropics and in textbooks of medicine. But a review of the sub- 
sequent Indian medical literature on the subject disproves this assertion. Hughes 
and Yusuf (1930) reported 24 cases of cardiac rheumatism from Lahore. They 
came to the conclusion that, in the Punjab rheumatism is an important cause of 
valvular heart disease, especially mitral stenosis. Stott (1930) from Lucknow 
reported 20 cases of chronic heart failure in young Indian males, mostly between 
12 and 18 years of age following progressive stenosis of the mitral valve. Hodges 
(1932) from Jalpaiguri, Bengal, reported eight cases under 12 years of age showing 
the rarer features of rheumatic infection. He stated there seems to be'hmple evidence, 
that, as far as India is concerned, rheumatic infection is by no means rare and is a 
potent factor in the production of heart disease. Banerjea (1935) reported a further 
series of 25 cases of rheumatic heart disease in childhood from Bengal. Mangalik 
and Stott (1938) and Stott (1938) published critical studies on the incidence of 
rheumatic infection in India, particularly from Agra and Lucknow. Clarke has objec- 
ted to the above evidence, as the Punjab, the United Provinces, and Bengal, are not 
situated in the true Tropics, but to the north of this limit. South India is wholly 
within the Tropics, and any evidence from this area as to the incidence of rheumatic 
infection would be of great weight. Kamath (1931) stated that if the presence of 
mitral stenosis is to be taken as an index to the existence of rheumatic infection then 
the condition is common in South India. The present writer in 1935 published a 
critical study of the incidence of rheumatic infection in the Yizagapatam district in 
South India, with a report of 50 cases of juvenile rheumatism (Kutumbiah, 1935). 
In this study he adduced proof as to the common occurrence of rheumatic infection 
in the Vizagapatam district in South India and showed that the contention that 
there is no rheumatic infection in the Tropics was no longer tenable. 

.( 631 ) 
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The Lesions in Rheumatic Heart Disease. 


The literature on rheumatic infection in India has hitherto been mainly clinical. 
Records of autopsies on subjects of rheumatic infection are very rare in Indian 
medical literature. Rogers (1930) stated that of 4,800 post-mortem examinations 
in Calcutta only one case of rheumatic carditis was found in 37 years. This rarity 
of autopsies has been adduced by Clarke (loo. cit.) as proof of his contention that 
there is no rheumatic infection in the Tropics. He writes, ‘ it can hardly be accepted 
that rheumatic fever occurs in a country where mitral stenosis is never found in the 
post-mortem room. The absence or presence of mitral stenosis has a' big bearing 
on this question of the presence or absence of rheumatic fever. Proof that the 
disease does arise in the Tropics can easily be given by sending some hearts with 
mitral stenosis. But they must be from people who were born in the Tropics and 
have never been outside ’. This rarity of autopsy records is surprising as death 
from chronic rheumatic heart disease is by no means uncommon in our hospitals. 
Statistics as to the mortality rate of rheumatic infection in India is not available in 
literature, but statistics as to the number of post mortems on subjects of rheumatic 
infection is available for the hospitals of Agra and Lucknow. Mangalik and 
Stott (Zoc. cit.) have recorded 6 (1930-1936) and 15 (1914-1937) cases respectively. 
All these cases revealed lesions of the mitral valves — mostly mitral stenosis. The 
mortality rate of rheumatic infection in Vizagapatam for the period of 1935-1938 
based on the records of the King George Hospital is 8 - 8 per cent. The number of 
cases of rheumatic infection admitted into the wards during 1935-1938 was 284. 
The number of deaths during this period from the above cause was 25. Of this 
number autopsy was possible on 10 and the youngest subject in this series was aged 
18 3 r ears. It is evident from the above statistics that autopsies on subjects of 
rheumatic infection are not rare in Vizagapatam. The rarity in other provinces 
must be due not to the rarity of rheumatic infection, but to the well-known difficulty 
of obtaining permission to do autopsies particularly on children. While autopsy 
records are rare histopathological studies are unknown on this subject in Indian 
inedical literature. Mutkayya has, at the 14th All-India Medical Conference held at 
Madras in 1937, exhibited slides showing myocardial Aschoff nodules from a Hindu 
boy who died of rheumatic carditis. This has not, however, attracted the attention 
it ‘merited. „ 

Hitherto in India reliance has been placed on such gross pathological lesions 
as mitral stenosis and vegetations as the most reliable evidences of rheumatic 
infection. How far are we to regard mitral stenosis as evidence of rheumatic infec- 
tion ? Coombes (1924) asserted that every case of mitral disease must be regarded 
as a case of advanced cardiac rheumatism. Stott (1930) reviewed critically the 
possible causes of mitral stenosis and concluded that unrecognized subacute rheu- 
matic infection in childhood was the probable cause of mitral stenosis in young 
Indian adults. But histopathology alone can supply the most reliable evidence 
for this. The researches of Aschoff (1904) have led to the recognition of the Aschoff 
bodies as the specific lesion of rheumatic disease. They are not invariably present 
in rheumatic infection, especially during the less active stages. The recent studies 
of Gross and Fried berg (1936) have made it possible to define rheumatic from non- 
rheumatic hearts, even in the absence of Aschoff’s bodies or a typical clinical history. 
In our autopsy room it is rare to come across active cases of rheumatic infection, 
but most of our cases are active cases where death has been caused by decompen- 
sation without clinical evidence of a final acute attack often with no previous 
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history of rheumatic fever ; others are inactive cases of chronic valvular disease of 
the typical rheumatic variety. In the recognition of these cases, histopatliological 
study is absolutely essential. . 

This article presents the histopatliological evidence derived from autopsies 
conducted in South India on rheumatic subjects to prove conclusively the incidence 
of rheumatic infection in South India and so in the Tropics. 


Material and methods. 

The material for this study consisted of six rheumatic hearts out of the 14 
available ones. Five of these were obtained from post mortems conducted on cases 
which were under observation and treatment in the medical wards of the King 
George Hospital, Yizagapatam. Of these two were from Hindu males and three 
from Hindu females, all residents of the Yizagapatam district who have never been 
outside this district. The sections of the sixth specimen were obtained through the 
courtesy of Dr. Muthayya of the Madras Medical College. It was also from a Hindu 
boy aged ten years resident in Madras and who died in the General Hospital, Madras, 
from rheumatic carditis. Out of these six specimens two had to be discarded, though 
they showed advanced mitral stenosis, as there was evidence of co-existing syphilitic 
infection. Based on the criteria of activity and inactivity outlined by Rothschild, 
Kugel and Gross (1933), Gross and Friedberg ( loc . tit.) after a careful study of the 
clinical records and pathological specimens, divide cases of rheumatic heart disease 
into six groups. The above four cases fall into the following of their groups : — 

Active cases where one preceding attack occurred within one year of the fatal 
outcome — two cases (group II of Gross and Friedberg). 

Active cases where death was caused by decompensation without c lini cal 
evidence of a final acute attack — two cases. In these cases there was no previous 
history of rheumatic fever (group V of Gross and Friedberg). 

The sections for this study were cut according to the standardized technique of 
Gross, Antopol and Sacks (1930). According to this technique six blocks are cut 
which show a maximum number of lesions in a minimum number of blocks of tissue. 
These blocks are cut from definite topographic sites in the heart and are so designed 
that each block includes certain ‘ strategic 5 sites, i.e., areas which experience has 
shown are frequently the seat of disease. The heart is opened in the customary 
manner and after fixation the following blocks are cut : — 

(1) Left auricle (L.A.) ; (2) mitral posterior (M.P.) ; (3) posterior papillary 
muscle, left (P.P.M.) ; (4) aorta, aortic valve and mitral valve (A.M.V.) ; 
(5) pulmonary artery and valve (P.A.V.) ; and (6) tricuspid valve 
and septum (T.Y.). 

The following staining methods have been used in the present investigation : 

(1) Ehrlich’s acid-hsemotoxylin and eosin — for routine exa mina tion. 

(2) Weigart’s iron-hsemotoxylin and van Gieson’s stain— for staining connec- 

tive tissue. ° 

(3) Orcin stain— for staining elastic tissue. 
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(4) Masson’s triclirome stain — for the demonstration of collagen. 

(5) Heidenhain-Mallory-Azan stain— for the demonstration of collagen. 

(6) Wilder’s modification of Foot-Bielschowsky stain— for the demonstration 

of reticulum. 


Morbid anatomy and histopathology. 

Results oj the study. 


Cate 1. H M . C., 10 years. 

M oi bid anatomy — The heart v.ith pericardium weighed 10 or. It appeared to be very much 
enlarged in situ. The parietal layer of the pericardium was bound down to the visceial layer bj 
adhesions, the pericardial space being completely obliterated The adhesions were broken down 
without much difficulty. On the inner surface of the parietal layer and on the surface of the heart 
m ere seen numerous whitish, grey nodules varying in size from a pin-head to a pea. In some places a 
number of these nodules had coalesced together. The right ventricle was enlarged. The tricuspid 
orifice admitted two fingers. A few, firm, tiny, warty vegetations were present on the ventricular 
aspect of the cusps of the aortic valve. The mitral cusps weie thickened along the lines of contact 
and the orifice admitted the tips of tw r o fingers. The papillary muscles of the ventucle showed well- 
marked * tabby cat ’ appearance 

EistopathoJogy. — Section I. {L. A.) Pcucardium thickened. On its sui face there is a fibrinous 
exudate which is being organized. Beneath is vascular granulation tissue. Some of the vessels show 
intimal thickening and sub mtimal proliferation with marked narrowing of the lumen. Here and 
there, there are collections of cells — mostly lymphocytes and a few plasma cells (Plate XXV, fig, 1). 
The endocardium is maikedly thickened The deeper layers of endocardium show sparse chronic 
inflammatory infiltration The auricular myocardium shows patches of hyaline degeneration and 
the muscle-fibres are separated by an cedematous infiltration. Myocardium shows a sparse lympho- 
cytic infiltration mostly perivascular m distribution 

Section II. (M. P.) The auricular endocardium is markedly thickened and shows hyaline dege- 
neration. The deeper layers show marked vascularization — mostly capillaries and infiltration 
with inflammatory cells — lymphocytes — particular!} round the blood vessels in the sub-endocardial 
connective tissue. Valve angle Tongue-like projection into the angle due to reduplication of the 
endothelium. The surface endothelium shows evidence of proliferation Valve ring vascularized. 
A good proportion of the vessels have musculo elastic w alls Some even show endartentic changes — 
marked perivascular infiltration with lymphatic cells round some vessels Spongiosum of the vahes 
markedly thickened (Plate XXV, fig. 3). Myocardium (ventricular) : Numerous Aschoff bodies 
m various stages of evolution are seen. Some of these are para-artenak while some are situated m 
the muscle (Plate XXVI, figs 5 and 6, and Plate XXVII, fig. 8). 

Section III . (P. P M ) Show r s a typical Aschoff nodule situated para-arfcerially (Plate XXVII, 

fig 9). 

Section IV. (A M. V.) Aortic valve : Fibrosa thickened. The valve angle shows a tongue-like 
projection. Bing spongiosa shoves vascularization — vessels mostly thin- walled except one or two 
which show' muscular fibres in the walls. There is a fairly conspicuous infiltration m the spongiosa 
with cells— lymphocytes, few fibroblasts and histiocytes— chiefly perivascular (Plato XXV, fig. 2), 
Ring annulus shows marked vascularization — vessels thick-walled and of musculo -el as tic variety with 
narrow mg of the lumen — infiltration less marked than m ring spongiosa — perivascular (Plate XXVI, 
fig. 4) Cells mostly lymphocytes, few polymorphs and histiocytes Intervalvular fibrosa shows no 
infiltration but a few thm-w ailed capillaries seen Left auricular endocardium: Thickened, sub- 
endocardial layers show r marked infiltration with lymphocytic cells and also marked vasculariza- 
tion — mostly thin walled capillaries. Auricular myocardium . Show's perivascular oedema and sparse 
lymphocytic infiltration. 

Section F. (P. A. V.) Pulmonary valve. Bing spongiosa shows vascularization thin-walled with 
perivascular infiltration— mostly lymphocytic (Plate XXVII, fig. 7). 

Section VI. (T. V.) Tricuspid valve : Spongiosa thickened. Valve ring show's vascularization 
with numerous thm-walled capillaries with moderate perivascular infiltration — mostly Ij'mphocytes. 
Myocardium . S3iow t s patchy areas where the muscle fibres are replaced by fibrillar connective tissue, 
fibrocytes and a few histiocytes which do not stain properly — fibrosing Aschoff nodules. Some of the 
coronary vessels show narrowing of lumen with intimal proliferation and perivascular fibrosis. 
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Case II. II. M. 18 years. 

Morbid anatomy. — Heart weighed 22 oz. Pericardium showed peticheal haemorrhages. Right 
ventricle hypertrophied and dilated. The right auricle dilated and the wall thin. The epicardium. 
over the right auricle showed a fine granular deposit of organized lymph. The endocardium thickened. 
The tricuspid valves : Thickened uniformly and opaque. The auricular surface of the valves uneven 
and puckered. A row of minute yellowish granulous vegetations seen on the auricular surface on all 
the three cusps about 1 mm. from the free margin. Chordae tendinea? free ; few vegetations on the 
chorda* tendinero and tips of the papillary muscles (Plate XXVIII, fig. II). The left ventricle is 
slightly dilated. The left auricle showed dilatation and marked sub-endocardial fibrosis. A stalked 
ball thrombus about i" in diameter was lying loose in the left auricle; another thrombus was seen 
in the left auricular appendix. Myocardium firm and presented a steamed appearance. Mitral 
valves : Markedly thickened throughout, adherent to each other, producing a funnel-shaped stenosis 
with a button-hole aperture. The auricular surface of the valves rugged. The free margins show a 
few granular vegetations. Chorda* tendinea* fused to the ventricular surface of the cusps. Tips of the 
papillary muscles are approximated close to the free margins of the slit-like opening (Plate XXVIII, 
fig. 12). Pulmonary valves : Slender, translucent ; no vegetations. Aortic valves : Slight thickening 
of the free margins ; slightly opaque. 

Histopathology. — I. (L. A.) Pericardium over the left auricle normal in extent and appearance. 
Few pericapillary collections of lymphocytes. The individual myocardial fibres hjqperfcrophied. 
There is cedematous infiltration between the fibres. Endocardium is thickened ; sub-endocardial 
vascularization — -vessels mostly thin-walled capillaries. Areas of sub-endocardial infiltration with 
lymphocytes and fibroblasts. 

II. (M. P.) The auricular endocardium is thickened. Sub-endocardial vascularization — -vessels 
mostly thin-walled capillaries. Sparse sub-endocardial infiltration with lymphocytes and fibroblasts. 
Valve angle : A tongue-like projection of the endothelium is seen. Valve ring : Vascularized ; vessels 
mostly thin-walled capillaries ; and a few with museulo-clastic walls. The posterior mitral valve 
markedly thickened. Spongiosa very prominent. Highly vascularized. Some of the vessels show 
endothelial and sub-endothelial proliferation leading to occlusion of the vessels. Along the vascu- 
larized core of the valve there is a ridge of cellular infiltration. The cells are pleomorphic and vary 
in size. There are giant lij'sfcioeytic cells, some with multiple nuclei ; fibroblasts, histiocytes, few 
plasma cells and round cells are also seen (Plate XXIX, figs. 14 and 15). The interstitial connective 
tissue is loose and tends to show hyaline swelling suggestive of an cedematous infiltration. 

V. (P. A. V.) Valve ring shows scattered vascularized areas resembling granulation tissue with 
pronounced perivascular infiltration with round cells and plasma cells and histiocytes. 

VI. (T. V.) Valve angle : The endothelium shows hyaline degeneration. Valve ring ; Vascu- 
larized ; shows numerous capillaries surrounded by tymphoeytes and a few fibroblasts. Myocardium : 
Throughout the myocardium there are scattered areas of collection of histiocytes, fibrocytes 
polymorphs and lymphocytes without any orderly arrangement. Some of the collections show 
perivascular distribution, fibrillar Aschoff bodies (Plate XXIX, fig. 13). 


Caselll . E. M. 33 years. 

Morbid anatomy . — Heart weighed 20 oz. Pericardium distended with about 10 oz. of fluid. 
Heart dilated mostly to the left ; right auricular epicardium shows fine, white, granular deposits. 
Right ventricle — hypertrophied and dilated. The tricuspid valves : Thickened, uniformly opaque ; 
the free margins of the anterior cusp straight and markedly thickened. Auricular surface uneven. 
No vegetations. Left auricle markedly dilated : Auricular endocardium white and opaque. Mitral 
valves ; The auricular surface opaque, markedly thickened, ve^ uneven, rough and rugged. Well- 
marked ledging of the proximal ends. The valves are fused into a button-hole opening. °The chordia* 
tendinese are adherent to the anterior cusp on the ventricular surface. The tips of the papillary 
muscles closely approximated to the slit-like opening. No vegetations. Pulmonary valves : Normal. 
Aortic valves : Normal. 

Histopathology.— Section I. (L. A.). Endocardium markedly thickened and shows hyaline fibrosis 
The deeper layers of endocardium show sparse chronic inflammatory infiltration, especially aronnd the 
vessels. Fibrous strands extend from this layer along the vessel into the myocardium separating 
bundles of hypertrophic myocardial fibres, which are further loosened out by an cedematous 
infiltration. 


Section II. (IL P.) Endocardium stows the same changes as above. Myocardium fleft 
ventricle) : The branches of the coronary artery are dilated, tortuous, and show thickening of the 
periarterial connective tissue with occasional fibrositic cell collection in the same; myocardial fibres 
show well-marked hypertrophic changes. The coronary vessels in the pericardium show moderate 
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periarterial fibrous thickening ; in places, sparse round cell infiltration is seen along ^tho small vessels 
entering the myocardium from the deeper layers of the pericardium (Plate XXVIII, fig. 10). 
Valve angle : Shows commencing reduplication of the endothelium of the valve. Valve ring ; Shows 
marked scarring; moderate vascularization with thin-walled capillaries. There is a very sparse 
infiltration with fibroblasts. 

Section VI. (T. V.) Valve angle : Small reduplication of the endothelium of the valve. 
Valve ring : Vascularized. Vessels mostly thin-walled capillaries; some of them markedly dilated; 
fairly heavy infiltration, mostly perivascular, seen ; cells lymphocytes. The auricular surface of the 
valve is wavy and in some places is thrown into villi-like projections, probably due to the fibrosis 
underneath. v There is a loose fibrous thickening of the spongiosa. Myocardium : The coronary 
branches of the myocardium show a loose periarterial fibrosis with occasional fibrocytic and small 
round cell collections as described in the ventricular wall (left). In some places this fibrous tissue 
has invaded the myocardium converting it into an ilbdefined and poorly-staining mass. 

Case I V . II. F. 20 years . 

Morbid anatomy . — Heart weighed 12 oz. Right auricle much dilated. Right ventricle — normal 
in size. Tricuspid orifice shows stenosis duo to fibrosis and adhesion of the valve margins — admits 
tips of 2 fingers. Tricuspid valves : Thickened, opaque, auricular surface rough ami rugged — more 
marked in the anterior cusp. Small granular vegetations are seen on the valve margins. Chord# 
tendine# free, slightly thickened. Auricular surface smooth with slight degree of opacity all round 
the orifice. Left ventricle normal in size. Left auricle hypertrophied and dilated. Mitral valves : 
Auricular surface opaque, slightly thickened, uneven, rough. Well-marked lodging of the proximal 
ends of the valves. The distal ends of the valves fused into a button-hole opening. Ventricular 
surface : The chord# tendinc# shortened, thickened, and in some places adherent to the cusps. The 
tips of the papillary muscles closely approximated to the margins of the cusps. Pulmonary valves : 
Normal. Aortic valves : Normal. 

Histopathology . — Section J. (L. A.) Pericardium shows a slight proliferation of endothelia cells 
with round cell infiltration. Marked collection of sub-pericardial fat with numerous dilated 
capillaries. Myocardium : Shows cedematous infiltration. Endocardium ; Thickened and shows 
hyaline degeneration. 

Section II. (M. P.) Valve distorted. Auricular endocardium markedly thickened ; deeper 
layers show hyaline degeneration. As it is prolonged over the valve the endocardium shows wavy 
bundles of eosin-staining collagen fibres (Plato XXX, fig. 16). Valve ring : Vascularized — vessel 
walls of the musculo-elastio type with obliteration of the lumen, A small collection of cells 
mostly lymphocytes. The spongiosa of the valve is converted into a hyaline mass without any 
definite structure. Throughout the valve there are scattered collection of cells, lymphocytes, 
histiocytes, and few polymorphs around vessels with musculo-clastic walls (Plato XXX, fig. 18). 
Anrictilar myocardium : Fibres show marked hypertrophy. 

Sectio7i III. (P, P. M.) Shows scattered areas of fibrosis. 

Section VI. (T. V.) Valve distorted and shows an organizing vegetation with numerous 
endothelial-lined spaces (Plate XXX, fig. 17). Valve ring : Vascularized — the vessels show musculo- 
elastic walls with sparse collection of lymphocytes. The entire structure of the valve presents a 
hyaline structure with scattered collection of lymphocytes, histiocytes, and occasional polymorpho- 
nuclear leucocytes. Myocardium : The fibres show hj^per trophy. 


Discussion and comment. 

All the hearts were heavier than normal. The average weight of Indian hearts 
is, males 7| oz. and females 6 oz. (Buchanan and Maddox, 1902). The right auricle 
was dilated in two cases and the left auricle was dilated in one and dilated and 
hypertrophied in two cases. ^ The right ventricle was dilated and hypertrophied in 
three cases and the left ventricle was not markedly hypertrophied in any case. 

The pericardium showed signs of inflammation of varying degree in all the four 
cases of this series. The inflammation was most marked and intense in case I. 
The pericardial sac was obliterated and organization and marked infiltration with 
inflammatory cells, mostly lymphocytes was also noticed in this case. The 
inflammation was minimal in ease IV. In case II there was moderate degree of 



Plate XXV. 



Fig. 1. Case I. Showing the organizing pericarditis, the 
loose areolar tissue below and vascular fibrous tissue above. 
H. & E. (X 100). 
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Fig. 2. Case I. Aortic valve, valve angle and valve ring. 
Ring spongiosa showing new formed capillary vessels with 
cell infiltration. The valve angle shows reduplication of 
the endothelium. (R) H. & E. (X 40). 



Fig. 3. Case I. Posterior mitral valve ring 
showing vascularization and perivascular infiltra^ 
tion. H. & E. (x 160). 
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Plate XXVI. 









Fig. 7. Case I. Pulmonary valve and valve 
ring showing vascularization and infiltration of 
the valve ring. H. & E. (X 45). 


Fig. 8. Case I. A coronal Aschoff body under higher 
magnification showing cel] details. H. 6c E. (X 400). 



Fig. 9. Case I. A coronal Aschoff body in the left posterior 
papillary muscle. Note the para-arterial situation. H. & E. ( x 100). 





Plate XXVIII. 



Fig. 11. Case II. The tricuspid Fig. 12. Case II. Button* 

valves showing sclerosis and granular hole mitral opening showing 

vegetations near the free margin. a row of granular vegetations 

Note the vegetations on the chord® on the inner aspect, 

tendine® and tips of papillary muscles, 




Pig. 15 . Case II. Section of posterior mitral valve showing 
the left auricle (a), the left ventricle (v), the intervening peri- 
cardial wedge (w), showing the mode of spread into the valve 
ring (v.r.). H. & E. ( X 4). 








Plate XXX, 



Fig. 17. Case IV. The septal tricuspid valve showing 
deformity and hyaline fibrosis and two organizing vegeta- 
tions (v). H. & E. (X 5). 

Fig. 16. Case IV. Section of posterior mitral 

valve showing the deformity and hyaline fibrosis , . • 

of the valve. H. & E. 6). 


Fig. 18. Case IV. Two vessels in the spongiosa 
of the posterior mitral valve showing musculo- 
elastic changes and perivascular infiltration.' 
H. &E. (x 140). 
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inflammation and few petechial haimorrhages were found on the surface of the 
pericardium. Effusion occurred only in one case, case III. This pericarditis is of 
great interest as clinically, evidence of this inflammation is not conlmonly met with 
in our hospital practice, as it is latent in most, cases. The pericardium is wedged 
in between the auricles and ventricles and the big vessels and this pericardial wedge 
plays an important role in the spread of the rheumatic infection to the other parts 
of the heart. This wedge is in close proximity to most of the rings of the valves 
particularly the posterior mitral ring. The ring of this valve was found to be vas- 
cularized and infiltrated with inflammatory cells in all the four cases of this series. 
The ring changes were most intense in case I and in this case the pericarditis was 
most marked. The ring being invariably inflamed, the inflammation may spread 
from it to ' the pericardium via the ring to the wedge or the inflammation may 
spread from the pericardium via the wedge to the ring. In one case (case III) 
the pericardial infiltration could be demonstrated breaking its way into the 
ventricular myocardium. It is possible that this mode of spread also occurs in 
some cases. 

Gross and Kugel (1931) have described and defined precisely the topographical 
relations of certain areas which constitute the proximal portion of each valve 
leaflet and termed these * valve rings ’. Gross andFriedberg (loc. cit.) described the 
normal features of the various * valve rings ’ and the changes they undergo in 
rheumatic infection. Normal ‘ valve rings ’ are practically devoid of inflammatory 
cells. Blood vessels -with muscular walls are never seen in the normal ‘ valve rings ’. 
The incidence of capillaries in the various ‘ valve rings ’ is as follows : anterior mitral 
* valve ring ’ 1 per cent ; posterior mitral c valve ring ’ 2 per cent ; aortic * valve ring ’ 
0 per cent ; tricuspid ‘ valve ring ’ 14 per cent ; pulmonary ‘ valve ring ’ 7 per cent. 
When present the capillaries are generally few in number, small and circular in 
cross-section, and easily differentiated from granulation tissue capillaries. In 
rheumatic infection the ‘ rings ’ are almost invariably infiltrated with inflammatory 
cells, capillaries, and blood vessels. The latter are sometimes of a characteristic type 
with musculo-elastic walls. Blood vessels are seldom, if ever, present in normal 
human heart valves. The c valve ring ’ must be considered a strategic site in the 
pathogenesis of rheumatic valvulitis. The aortic and the posterior mitral ‘ valve 
rings ’ are particularly important as they are normally free from capillaries and 
devoid of inflammatory cells and any change in them afford very valuable informa- 
tion with regard to rheumatic infection. All the four cases in this series showed 
changes in the ‘ valve rings The vascularization and infiltration with inflamma- 
tory cells was very pronounced in case I in the aortic, posterior mitral, tricuspid, 
and pulmonary, ‘ valve rings ’. Case II showed vascularization and moderate 
infiltration with inflammatory cells of the posterior mitral and the tricuspid ‘ valve 
rings ’. In cases III and IV scarring was the marked feature of the posterior mitral 
and tricuspid ‘ valve rings 5 and the infiltration with inflammatory cells was not 
so very pronounced as in the first two cases. In none of the four cases of this series 
was the inflammation confined to the rings only. The changes had spread to the 
corresponding valves. The valvular changes showed much variation. In case I 
there was no gross distortion of any of the cusps. The endocardium of the cusp 
was thickened and opaque and the valves themselves appeared thicker than normal. 
In cases II and III, there was well-marked mitral stenosis and the tricuspid valves 
were thickened and opaque. In case IV there was both mitral and tricuspid stenosis 
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and the valve cusps were distorted and fibrosed. The spongiosa was thickened 
and the deeper layers were vascularized and infiltrated with inflammatory cells in 
three cases of this series. In case II, Aschoff bodies were found in the posterior 
mitral valve in the deeper layers of the spongiosum. In case IV the bulk of the 
posterior mitral and septal tricuspid valves was converted into hyaline masses 
without any definite structure. Throughout the valves— posterior mitral and 
tricuspid septal cusp — there were scattered collection of cells, around vessels 
with musculo-elastic walls. The cells were lymphocytes, histiocytes, and few 
polymorpho-mielear leucocjries. 

Vegetations were found in three out of the four cases of this series. In the 
Grst case they were found on the aortic valves. In two (cases II and III) they 
were found on the tricuspid valves and in one (case II) on the margins of the 
slit-like mitral opening. Only in one (case II) vegetations were found on few of 
the chordce tendineaj and papillary muscles. 

The valvular changes in case IV are very instructive. Naked-eye examination 
showed marked fibrotic changes both in the endocardium of the auricle and in the 
auriculo-ventricular valves. The proximal portions ol the mitral valve-cusps were 
thrown into prominent ledges. The distal portions of the mitral and tricuspid 
valves were thick and deformed. There was stenosis of the mitral as well as the 
tricuspid opening. Vegetations were found on the margins of the tricuspid opening. 
On microscopic examination these vegetations were found to be organized. The 
whole picture was suggestive of healed rheumatic infection. Is it possible that 
these permanent cicatricial deformities are ever established without the interven- 
tion of an acute stage ? The histopathological evidence reveals this possibility 
as unlikely. It showed the ‘ valve rings * to be vascularized and infiltrated with, 
not only inflammatory cells, but also plasma cells and histiocytes. The vessels 
showed musculo-elastic walls both in the posterior mitral and tricuspid ‘ rings ’ 
and in the depth of the posterior mitral and the septal tricuspid valves. In the dis- 
cussion of the changes in the ‘ valve ring ’ and valves, it has beeu shown, the above 
findings are evidences of rheumatic activity. But there was no rheumatic history 
in this case. There is the possibility that occasionally these valvular changes are 
produced by an unbroken sequence of sub-acute rheumatic infection. This view 
has been advanced by Stott (1930). The evidence adduced above makes it more 
probable that even in these cases there must have been phases of activity, the 
histological counterpart of winch must be the acute valvulitis revealed by the 
microscope, which at least lays the foundation of that progressive fibrosis that 
ultimately leads to the gross changes which end in the valvular deformity and 
stenosis. This would explain the common finding of both active and obsolete 
changes in the same valve at the same time. 

In case I, Aschoff bodies were found in the posterior wall of the left ventricle 
(M.P.), the interventricular septum (T.V.), and the left posterior papillary muscle 
(P.P.M.), in the order of their frequency. The left ventricle showed numerous 
Aschoff bodies some in the muscle and the rest in the intermuscular connective 
tissue.^ They differed very much in their structure. Some of them showed nume- 
rous giant cells, while others were more fibrillar. Gross and Ehrlich (1934) in their 
studies on the Aschoff bodies have described seven types of these and they have 
also correlated these various types with the clinical course of the disease. The 
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reticular, small and large cell coronal, mosaic and polarized types were found. In 
the septum, the polarized and fibrillar types were found but they were not so nume- 
rous as in the left ventricle. ]n the posterior papillary muscle the reticular and 
coronal types were found and they were still fewer in number. In case II where 
also a history of an acute attack prior to the final one was obtained, Aschoff bodies 
of the fibrillar type were found in the interventricular septum (T.V.) only. In eases 
III and IV Aschoff bodies were not found in the myocardium. Case III showed 
remarkable changes in the myocardium and the coronary arteries. In the poste- 
rior wall of the left ventricle, the branches of the coronary artery were dilated, 
tortuous and showed thickening of the periarterial connective tissue with occasional 
fibrocytic cell collection. In the interventricular septum the same changes were noted 
in the branches of the coronary artery and some of them showed marked endothelial 
and sub-endothelial proliferation. The fibrosis was very pronounced and extensive. 
In places it invaded the myocardium converting if info an ill-defined and poorly- 
staining mass. Sparse round and fibrocytic cell infiltration was noted throughout 
the myocardium. In case IV some of the branches of the coronary artery showed 
very pronounced endothelial and sub-endothelial proliferation. The periarterial 
fibrosis was not very pronounced. In the two cases discarded, no Aschoff bodies 
were found in the myocardium. Gross and Ehrlich (loc. eft.) give the incidence of 
Aschoff bodies in cases showing evidences of activity, clinical or pathological, as 90 
per cent and in others as 56 per cent. The number of eases studied in this series 
is too few to draw any conclusion, but, compared with their figures the incidence 
of Aschoff bodies in our material is much lower and works out about 33 
per cent. 

The findings in the myocardium considered along with the findings in ‘ the valve 
rings ’ and the valves, bring out some very interesting facts. Taking as the ana- 
tomical evidences of activity fresh verrucous lesions, fresh pericarditis, acute inflam- 
matory phenomena in the myocardium, ‘ valve rings ’ and valve leaflets, all the 
four, cases must be classed as active. The evidences of activity in the four eases 
though varying much in degree were nevertheless definite. Yet only in the first 
two cases Aschoff bodies were found. These were active cases both clinically and 
pathologically. In cases III and IV no Aschoff bodies were found in the myocar- 
dium, while the ‘ rings ’ and the valves showed evidences of rheumatic activity. 
This absence of Aschoff bodies in cases III and IV in which there was no clinical 
evidence of activity but only a pathological one, raises the question of the possi- 
bility of permanent cicatricial deformity like mitral stenosis being established without 
the intervention of a clinically acute state. In other words is it possible to have an 
insidious form of cardiac rheumatism akin to that of the more active rheumatic 
condition, in its nature, its distribution, and its ultimate results, differing only in 
its more protracted nature as if it has been produced by a long series of diluted 
doses instead of by a short series of concentrated doses ? This view has been advanced 
by Coombes (he. cit.). The present study lends support to this contention. In 
cases III and IV and also in the two cases discarded there was well-marked mitral 
stenosis but there was no rheumatic history. Histologically cases III and IV showed 
evidences of activity in the * valve rings ’ and valves and yet no Aschoff bodies 
were found m the myocardium. The effects of rheumatic infection were confined 
to the endocardium, the valves and the endothelium of the artery. This can be 
explained by the assumption of Coombes that the infective agent enters the heart 
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in closes too small, too thoroughly diluted, to provoke any perivascular reaction 
at all ; yet the inner vail of some of the coronary twigs at any rate is so frequently 
reached and irritated by the infective agent, small though the dose may be, that 
it always shows in every case of cardiac rheumatism, a definite proliferative re- 
action. Even when it is strong enough to provoke any perivascular reaction, 
it provokes only a diffuse perivascular fibrosis which may slowly invade the myocar- 
dium and even replace it in some places as in case III, it is not strong enough 
to evoke the formation of Aschoff bodies in the muscular walls of the heart. The 
material studied is too small to dogmatize on this, but further studies in this 
direction would throw much light on one of the most vexed problems of cardiac 
rheumatism as it is met with in a majority of cases in South India. 


Summary. 

1. A brief summary of the available Indian medical literature on the subject 
is given. 

2. The importance of examining blocks cut from definite topographic sites 
in the heart according to the standardized technique of Gross, Antopol and Sacks 
in the study of cardiac rheumatism is emphasized. 

3. The morbid anatomy and liistopathology of four rheumatic hearts are 
described in detail. 

4. The role played by pericarditis and the pericardial wedge in the spread 
of rheumatic infection in the heart is discussed. 

5. The strategic importance of the * valve ring 5 in the pathogenesis of rheuma- 
tic valvulitis is discussed. 

6. The possibility of permanent circatricial deformities in the valve being 
established without the intervention of an acute stage is discussed in the light of 
the histopathological evidence presented. 

7. The differences in the histopathological changes in the myocardium and 
the valves between cases which were clinically and pathologically active and cases 
which were only pathologically active are discussed. 

8. The possibility of .the existence of an insidious form of cardiac rhe um atism 
with evidence of activity in the ‘ valve rings ’ and valves only and without Aschoff 
bodies in the myocardium is discussed. 

9. Microphotographs to illustrate the histopathology of rheumatic heart 
disease are given. 
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Knowles and Fkercoln (190) summarized the literature bearing on diph- 
theria of the shin and recorded two patients in whom the skin lesions were of the 
bullous impetigo type. Rogers (Rogers and Mcgaw, 1939) in describing the aetio- 
logy of Veld sores writes that some of the ulcers are caused by the diphtheria bacillus 
and that in such cases antidiphtheritic serum is an effective form of treatment. 
A more detailed description is given by Manson-Bahr (1935) who states that a 
certain proportion of Veld sores is diphtherial in origin caused by the toxigenic 
diphtheria bacilli. This author records that typical diphtheritic paresis or para- 
lysis has been observed in association with these sores (in one series this complica- 
tion occurred in 27 per cent of cases), and that certain outbreaks are associated 
with faucial diphtheria. This opinion is expressed by the majority of the writers 
on skin diseases. Barber and Knott (1920) described a case of chronic ulceration of 
the skin involving the wrist and the left leg in a soldier which was due to infection 
with an atypical diphtheria bacillus. This case is also referred to by Forman (1937) 
and Forman and Koerner (1939). The sugar reactions of the organism isolated 
from the ulcer were closely allied to those of Corynebaclcmm diphtheria;. 

In India Bensted (1936) described an outbreak of diphtheria amongst soldiers 
during military operations in the North-West Frontier Province. In this outbreak 
both faucial and cutaneous lesions were noted. The skin ulcers, locally known as 
J, MR ( 643 ) 3 
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‘ Frontier sores ’, followed trivial injuries received during climbing up or scram- 
bling down tbe steep roclc-strewn bill-side. The typical picture was that of a deep 
punched-out ulcer with a thick unhealthy edge and with a floor covered with a dirty 
grey membrane that contained an almost pure culture of G. diphtheria. The ulcers 
had a fcetid odour and were slow in healing. In most cases there was an almost 
dramatic response to the administration of diphtheria antitoxin. Thirty-one cases 
of ulcers of the skin were seen by this author who carried out extensive and pains- 
taking laboratory investigations. Two of the patients with skin lesions were found 
to be suffering from mild faucial diphtheria. In view of the fact that the strains 
isolated from these cases were toxigenic and that paresis occurred in some of the 
cases and that faucial diphtheria was present at the time, this author came to the 
conclusion that, whilst certain cases of the sores may originate as a direct infection 
with diphtheria bacilli, it would appear unlikely that this was frequently the case. 
Further, that it was not sound to assume that G. diphtheria was of great importance 
as a primary etiological agent in the causation of frontier sore although as a secon- 
dary invader, it must be treated with all seriousness. 

In the present paper are recorded the results of investigation carried out in 
five patients suffering from ulcers on the feet or on the lower part of the leg. 
C. diphtheria was isolated from each of the 21 ulcers present in these five patients 
and typical ulcers were reproduced in man by the injection of the organism 
isolated from these patients. 

In August 1938 two patients and in August 1939 three patients suffering from 
indolent ulcers of the legs were sent from Rangamati, Chittagong Hill Tracts, to the 
Carmichael Hospital for Tropical Diseases, Calcutta. From information supplied by 
the Civil Surgeon, Chittagong Hill Tracts, and the patients themselves the following 
points are extracted : These sores are locally known as ‘ Garigha ’ (‘ wheeled ’ 
sores) and occur most frequently in the rainy season. A few cases occur each year 
during the monsoon rains but occasionally the disease assumes an epidemic form 
when many individuals are affected. The last big outbreak is said to have occurred 
in 1921. The sores affect both hillmen and plainsmen. The males are more often 
affected than the females, and those engaged in outdoor manual work suffer more 
often than indoor workers. No age is exempt, babies in arms occasionally develop 
the sores. The sores have never been associated with outbreaks of faucial 
diphtheria or paresis. One attack does not confer any immunity and re-infec- 
tion through another superficial scratch has been often noted. 

The disease is characterized by painful ulceration on the exposed parts of the 
body, most commonly on the lower limbs. The infection appears to take place 
through some abrasion or scratch which becomes inflamed and gradually breaks 
down to form ulcers. The ulcers vary in size from \ inch to II inches in 
diameter. In some cases the ulceration is more extensive by the "coalescence 
of neighbouring ulcers. . There is no fever or any constitutional disturbance 
but there is severe pain and the sufferer is unable to attend to his work. 
The ulcers are slow in healing and take from 2 to 3 months to heal. The 
outbreak subsides with the cessation of the monsoon rains. The disease has 
never, been known to lead to any serious after-effects but the economic loss 
resulting from the incapacity to work in the fields during the monsoon rains 
is a matter of serious concern. 
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The five patients were young well-built hillmcn between the ages of 20 and 35 
years. There was a history of injury in each of the patients, in one a leech-bite, 
'in the second a thorn-prick, in the third a local injury from an ill-fitting boot, 
in the remaining two slight scratches on the feet received during a game of 
football played bare-footed. The initial injuries were trivial in nature and 
healed up in 2 or 3 days but after an interval of 10 to 15 days a small vesicle 
full of slightly turbid fluid developed at the site of the original injury. This 
soon broke down to form a small ulcer. At this time there was considerable 
pain and the patients were unable to move about, without great discomfort. 
The ulcer gradually increased in size and after 7 to 14 days reached its 
maximum size. The healing was slow and when healed there remained a firm 
depigmented scar (Plate XXXI, fig. 1). Throughout the course there was no 
rise of temperature, no enlargement or tenderness of the regional lymph glands, 
or any other constitutional disturbance. 

In all the five patients the ulcers were on the foot or on the lower part of 
the leg. In two patients the ulcers were single, large, and oval in shape. In 
the third patient there were three ulcers (1 large and 2 small), in the fourth 
patient 5 ulcers (2 large and 3 small), and in the fifth patient 11 ulcers (3 large 
and 8 small). The ulcers in the fourth and fifth patients were on both legs. 
The large ulcers were round or ova) and 1 inch to 1 l inches in diameter. The 
smaller ulcers were £ to £ inch in diameter (Plate XXXI, fig. 2). When first 
seen the majority of the ulcers were in a dirty condition, some were covered 
with a leaf or other unsatisfactory dressings. After a few simple saline dressings 
the ulcers became clean and all the ulcers, whether small or large, were of the 
same general type. The ulcers were punched-out with somewhat thickened and 
undermined edges. The base of the ulcers was covered with an unhealthy and 
feebly-developed granulation tissue with a few easily removable flakes of pus 
but the diphtheritic false membrane was not seen in any of the ulcers. A little 
pus could be pressed out from under the margin. The ulcers bled readily when 
touched moderately heavily with a platinum loop. There was slight induration 
around the ulcers except in one patient who had six ulcers situated in an area of 
about 3 inches in diameter in front of the lower part of the leg in whom there was 
considerable degree of induration in the surrounding skin (Plate XXXII, fig. 3). 
The ulcers were exceedingly tender to touch. 

The five patients were observed for a period of 1 to 3 months. In all except 
one patient who had an attack of malaria, the temperature and pulse were normal, 
appetite was good, and but for the pain caused by the ulcers the patients were 
well. All the five patients had heavy hookworm infection and one had Entamoeba 
histolytica infection. The Wassermann reaction was negative in all. 

Smears of pus from the base or from the undermined edge showed pus cells, 
Gram-positive bacilli, and cocci. 

Many of the pus cells were crowded with bacilli. Several direct films of pus 
and exudate were, examined for the presence of fusiform bacilli, acid-fast bacilli, 
amoebae, leishmania, fungi, and yeasts. None of these organisms were seen ' in 
more than 60 smears examined from the 21 ulcers present in the five cases. 
Spirochsetes were not seen in stained ’smears from the exudate or in wet films 
examined under dark-ground illumination. 
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Pus from the undermined edge of tlie ulcer was inoculated on nutrient- a car. 
5 per cent sheep’s blood agar, and on tellurite' blood agar, and incubated inrobi, - i! y 
at 37°C. Other sets of nutrient-agar and blood-agar plates were inoculated 
with pus and incubated anaerobically in the presence of hydrogen (Macintosh and 
Filde’s jar) and in the absence of hydrogen (alkaline pyrogallic acid), and under 
10 and 20 per cent carbon dioxide. Inoculations were also made on Sabouraud’s 
maltose agar and 1 per cent glucose agar. 

From each of the four ulcers on the two patients seen in August 1938 and 
from each of the 17 ulcers on the three patients seen in August 1939, a non-motile, 
non-capsulated, non-spore-forming Gram-positive bacillus was isolated. These 
organisms resembled each other in their morphology and biochemical reactions. 
They were indistinguishable morphologically and in their biochemical reactions from 
C. diphtherial. Other organisms that were isolated but not from each sore included 
Streptococcus pyogenes , Staphylococcus aureus and albus, and from one sore a 
Coryncbacterium which biochemically resembled C. hojmannii. Fungi and yeasts 
were not isolated from any of the sores. 

A brief description of the Corynebacierium isolated from the sores is given 
below : — 

Morphologically thin, slender, slightly curved rods, showing marked pleo- 
morphism. There were 2 to 3 granules in the majority of the bacilli. Some bacilli 
had typical club-shaped ends, some were £ barred ’ and some stained uniformly 
without any bars or granules. The appearance and arrangement of the cells varied 
with the media on which the culture had been grown. The granules were most 
marked in cultures grown on LoefHer’s serum or on blood agar, whilst long and club 
forms were more frequent in agar cultures. 

On nutrient agar after incubation for 24 hours at 37°C. two types of colonies 
were seen in some of the strains. The larger colony (1 mm. to 2 mm. in diameter) 
was circular, somewhat convex with an entire edge ; creamy in colour, moist and. 
glistening with no differentiation and readily emulsifiable in saline. After 4 days’ 
incubation the colony increased to 3 mm. to 4 mm. in diameter with a raised centre 
and a flat periphery with bevelled margin. The smaller colony which was about 
Oh mm., in diameter after 24 hours’ incubation increased only slightly on further 
incubation. "When the small colony was transferred to blood agar the resulting 
growth could not be differentiated from the growth of the larger colony. 

On 5 per cent sheep- or rabbit-blood agar the colonies after 24 hours’ incuba- 
tion were larger (1 mm. to 3 mm.) than the colonies on nutrient agar. The colony 
characteristics were similar to the growth on nutrient agar. In poured blood-agar 
plates the deep colonies were tiny and elongated with tapering ends resembling 
those of Streptococci but somewhat larger in size. There was a small zone of B 
type of hemolysis round each colony. No intact red-blood cells were seen in the 
haemolytic zone. 

On tellurite blood-agar plates after incubation overnight, there were convex, 
smooth, slimy black colonies with an entire edge which on further incubation 
increased m size and were differentiated into a raised centre and flat periphery. 

On Loeffler’s serum there was a good growth which was creamy in colour. 
There was no liquefaction of the medium. On nutrient-agar slope a good growth 
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was obtained which was faintly orange in colour. The growth on agar was dis- 
tinctly more profuse than Mint obtained with laboratory strains of C. diphtheria;. 

In broth after 2d hours’ incubation there was a diffuse moderate growth, with 
a slight lion-granular deposit. There was no surface growth. Better growtli was 
obtained in 10 per cent scrum broth. 

On potato, the growth was not visible to the naked eye. In semi-solid agar 
there was a scanty growth along the tract of the stab. 

The optimum growth was obtained under aerobic conditions, but growtli also 
occurred under complete anaerobiasis. 

All strains gave similar biochemical reactions. They fermented glucose, mal- 
tose. dextrin, and galactose, with the production of acid but no gas. Lactose, 
saccharose, dulcite, mannite, and inulin, were not fermented and there was no appre- 
ciable change in litmus milk. There was no change in starch and glycogen. Indole 
was not formed. Nitrates were reduced. Filtrablc hasmolysin (for rabbit red- 
blood cells) was present in filtrates of 2d or d8 hours’ old serum-broth cultures. 

No exotoxin was present in filtrates of 7 days’ old cultures of the organism in 
Hartley’s broth. ‘When injected intramuscularly or intraperitoneally this organism 
did not kill a guinea-pig or a rabbit even when very large doses were used. _ Wien 
injected intradermally it caused local flush and an inflammatory nodule which was 
retrogressive in character and subsided in 3 or d days. Injected intradermally in a 
monkey, there was local oedema and redness which subsided without any ulcera- 
tion in four to six days. There was no invasion of the tissues by this organism. 
Injected into the pectoral muscles of a pigeon the organism produced no appreciable 
change. Young culture of the C. diphtheria: isolated from the ulcers was smeared 
on the lightly-abraded conjunctiva, the mucous membrane of the nose and the vulva 
of guinea-pigs. No lesions were produced at any of these sites. Control inocula- 
tions with a freshly isolated strain of toxigenic C. diphtheria and the standard strain 
Park 8 produced typical membrane-formation with local oedema and later death 
of the animals. 

Many experiments were carried out in man. A general summary of the results 
is given below : — 

(1) Pus from the sores when inoculated by a scratch produced a typical 

ulcer in five days. C. diphtheria was recovered from the ulcer. Wien 
kept clean this ulcer healed up in 10 to 14 days. 

(2) Filtrate of the pus from the ulcer injected intradermally produced no 

effects (Plate XNXII, fig. 4-A). 

(3) When a culture of the C. diphtheria isolated from the ulcers was injected 

intradermally there was local redness in 24 hours, a pustule developed 
in 3 to 4 days which broke down to form an ulcer in 5 to 6 days. The 
inoculated organism was recovered from the ulcer in pure culture 
(Plate XXXII, fig. 4-C). 

(4) C. diphtheria and filtrate of the exudate from the sores when injected 

intradermally gave similar but somewhat more marked results than 
those obtained with the organism alone (Plate XXXII, fig. 4-B), 
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(5) Intradermal injection of a mixture of the C. diphtherice, Staphylococcus 
aureus, and Streptococcus pyogenes produced marked local reaction 
and an ulcer in 5 to 6 days (Plate XXXII, fig. 4-D). 

(6) Culture of a diphtheroid isolated from one of the patients produced no 
effects when injected intradermally (Plate XXXII, fig. 4-E). 

(7) Intradermal injection of Slrcpt. pyogenes isolated from the sore produced 
minimal local reactions which subsided in a few days. 

(8) Attempts to produce infection without preliminary injury to the surface 
epithelium were not successful. The simple application of cultures 
of bacilli to the skin was without results. 

The above experiments were carried out on individuals suffering from the 
sores. No appreciable difference was observed in the reactions obtained in indivi- 
duals with recently-formed ulcers and in persons in whom the naturally-acquired 
ulcers had healed." In all there was a slight but transient rise of temperature, a 
feeling of general malaise and headache but no enlargement of regional lymph 
glands. 

Phenolized heat-killed suspension of the Corynebacterium isolated from the 
ulcers when injected in doses of 15 million organisms gave severe local reactions 
(marked oedema, redness, and tenderness) which subsided within a week. 

Three of the five patients were tested for the Schick reaction and were Schick- 
negative. The diphtheria antitoxin in the serum of three patients (employing a 
standard antitoxin and using the skin reaction in a guinea-pig) was found to be 
approximately 1/20 unit of antitoxin. 

Agglutinins for the Corynebacterium isolated from the sores were present in the 
serum of the three patients examined this year. The serum agglutinated the strain 
isolated in 1938 and the strain isolated in 1939 and a laboratory strain of toxigenic 
C. diphtherias. As agglutination in tubes was unsatisfactory the agglutination test 
was done on the slide by rubbing a loopful of the culture in different dilutions of the 
serum. Well-marked agglutination occurred in 1 in 25 dilutions of the patient’s 
serum. There was no agglutination with the diphtheroid or the Staphylococcus 
isolated from the sores. By cross-agglutination with serum raised in rabbits the 
Corynebacterium isolated from the sores in 1938 and in 1939 and the laboratory 
strain of toxigenic C. diphtheria; were antigenically related. Serum_raised with 
diphtheroids possessed no agglutinins for the other organisms. 

Injections of live cultures of the Corynebacterium isolated from the sores into a 
healed sore reproduced a small ulcer in 5 to 6 days. There is thus no local 
immunity. 

Swabs taken from other areas of the skin of the patients suffering from the 
ulcers did not yield any Corynebacleria resembling the Corynebacterium isolated from 
the sores. 

C. diphtherias was not isolated from the throat and nasopharynx of the five 
patients suffering from ulcers. Material taken from ulcers showing definite signs of 
healing was examined for the presence of bacteriophage active against the organisms 
isolated from the ulcers. No bacteriophage was found even after repeated 
passage of the filtrate of the material on young cultures of the organisms. 



Plate XXXI. 



A near ly healed ulcer and the dopigmcntcd scar. Fig. 2. A large and a small tdcer both of about 2 months’ duration. 
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A small wccigc-sliapcci piece of tissue was removed from the edge of the ulcer, 
fixed in Zenker’s, cut in paraffin, and stained with hfematoxylin and eosin. There 
was complete loss of epidermis and there was extensive cellular infiltration of the 
dermis. The cellular elements present were mainly of the mononuclear types, 
young fibroblasts, and red blood corpuscles. There were no degenerative changes 
typical of diphtheritic lesions nor the formation of any fibrinous exudations. 
There were no plasma cells, cpithcloid cells or giant cells. There were signs of 
inflammation in the area adjacent to the ulcer. 

Antidiphtheritic serum which has been reported to produce a striking eflect 
in the healing up of diphtheria ulcers of the skin (Veld sores, Frontier sores, etc.) 
was found to be without any effect in these patients. The scrum was given 
subcutaneously in the vicinity of the sore, injected intramuscularly, and also 
used as a dressing (lint soaked in serum) but without any effect. The dose of 
antidiphtheritic serum injected was 8.0C0 to 12,000 units. 

‘ M. & B. 693 5 was given by mouth to one of the patients for 5 days without 
producing any appreciable effect. 

Various antiseptic dressings, such as potassium permanganate lotion, gentian 
violet (5 per cent), carbol fuchsin (1 per cent), hydrogen peroxide, were no more 
efficacious than simple saline dressings, once the gross infection had been 
eliminated. 

Vaccine prepared from the organism isolated from the sores appeared to have 
a favourable effect, the ulcers healing up in 2 to 3 weeks. 

The fact that from two outbreaks, one in August 1938 and one in August 1939, 
identical strains of Coryncbaclcrivm were isolated is by itself of significance. These 
strains resemble each other and correspond fully with the diphtheria bacillus in 
their morphological, cultural, and fermentative characters but are not toxigenic. 
They must therefore be regarded as non-toxigenic diphtheria bacilli. Repeated 
microscopic examinations of the pus did not reveal any fusiform bacilli, fungi, or 
yeasts. Cultural examinations carried out on different media and under different 
atmospheric conditions yielded the Coryncbactcrhnn diphtherias with regularity. 
Other organisms, such as Slrepl. pyogenes, Staph, aureus and albas, were 
found occasionally in varying numbers and combinations. Injection of living 
C. diphtherice into man reproduced typical ulcers and from these ulcers the 
organism was again isolated. This was done on three of the five individuals 
suffering from the sores. Freshly-isolated strains gave rise to marked reactions 
resulting in the formation of ulcers, whereas old cultures tended to produce 
retrogressive lesions. There is sufficient experimental data to justify the conclu- 
sions that these ulcers are caused by a non-toxigenic strain of C. diphtherias. 


Summary. 

Five patients suffering from ulcers on the legs or feet have been studied. These 
ulcers occur in Chittagong Hill Tracts and are locally known as ‘ Garigha ’ or 
‘wheeled’ sores. A few individuals are affected each year during the monsoon 
rams. Occasionally the disease assumes an epidemic form when many persons arc 
affected. Ho age or sex is immune. The infection takes place through some 
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injury or scratch -which becomes inflamed and then breaks down to form painful 
ulcers which are slow in healing. 

Two patients were seen in 1938 and three patients in 1939. From each of the 
21 ulcers in the five patients one organism was regularly and repeatedly isolated. 
This organism resembled C. diphtheria in its morphology and biochemical reactions, 
but was not toxigenic. An extensive study of this bacillus and comparisons with 
the characteristics of the species in the genus Corynebacterium listed by Bergey 
(1939), and Topley and Wilson (1936) place tliis organism as non-toxigenic variant 
of C. diphtheria. * According to the character of growth on tellurite blood agar and 
in liquid cultures, and in its inability to attack starch or glycogen and in being 
haemolytic this organism belongs to the mitis type of C. diphtheria. Other 
organisms, such as Slrept. pyogenes, Staph, aureus and albus, were isolated from 
the sores but noth no regularity. All attempts to demonstrate the presence of 
filtrable virus gave negative results. 

The conditions governing the general prevalence of the ulcers and their epidemic 
rise and fall have not been studied. The contagion is spread by means which are 
in operation during the rains but the exact circumstances and their incidental co- 
operation which give rise to epidemic conditions remain to be studied and must be 
studied in the places where these ulcers occur. Wet weather, however, favour 
the spread of these sores. This contrasts with the dry desert conditions which are 
favourable to the spread of Yeld sores the causative agent of which has been found 
by many workers to be the toxigenic G. diphtheria}. 
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STUDIES ON RELATIONSHIP OF FLOCCULATION VALUE OF 
TETANUS-FORMOL-TOXOJD DETER j\IINED BY RAMON’S 
METHOD AND ITS ANTIGENIC VALUE 
DETERMINED ON EXPERIMENTAL 
ANIMALS. 


BY 

D. C. LAHIRJ, M.B., D.T.M & If., ]>.B. 

(From the Scrum Department, Bengal Immunity Research Laboratory, Calcutta.) 

[Received for publication, September 18, 1030.] 


Antitistanic vaccination is now compulsory with the armies of different 
nations, which signifies a wide acceptance of flic value of tetanus toxoid as an immu- 
nizing agent against tetanus infection. Future extensive field trials are likely to 
confirm the correctness of the expectation, as the last Great War confirmed beyond 
doubt the value of tetanus antitoxin in the prevention of tetanus. 

For a fair comparison of the results of different experiments in different countries 
it is necessary to have a standard for comparing the strengths of various tetanus 
toxoids used for immunizing different groups of people. For comparing the strength 
of one lot of toxin with the other, different properties of toxin may be used as criteria. 
Of these,' the minimal lethal dose is the most unstable, and also of no use for com- 
paring two different toxoids. According to Ramon, flocculation value of a toxin 
is a criterion of its antigenic power at all stages of toxicity. Ramon et al. (1937) have 
shown a fair degree of proportion in the different values, such as toxicity, floccula- 
tion value and combining power, of various lots of tetanus toxin, shortly after 
filtration. Hence any of these values may be used for comparing one toxin with the 
other. Of these three values, toxicity and combining power cannot be measured 
in full toxoids. Hence flocculation value only can be used for comparing any two 
toxoids. ° J 


The first question that now arises is whether flocculation value of tetanus 
toxoid can be determined with so much precision as to make it reasonably reliable 
It has been known that flocculation of tetanus toxin-antitoxin combination shows 
two or more zones. _ Prevot and Pochon (1938) have recently attributed a combinn- 
tion of flagellar antigen ot Cl. letani and its corresponding antibody to be one of th^ 
causes of such anomaly. Ionescu-Mihaiesti (1938) considers the cause of occurrence 
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of multiple zones of flocculation to reside in the antigenic structure of the tetanus 
bacillus itself and in the presence of flagellar and somatic antigenic components in 
the toxic filtrate. However, recently Ramon (1938) has brought into notice a 
special serum which shows only one zone of flocculation with various toxins and is 
particularly suitable in other ways for the determination of flocculation value of 
tetanus toxoids. Ramon (personal, communication) prepared this special serum 
No. 678 by i mmuniz ing several horses with toxins which showed only one zone of 
flocculation with antitetanic sera ; and serum from one of them with the said number 
was found to be particularly suitable for flocculation purposes. Flocculation 
values of different tetanus toxoids have been determined with the said serum very 
kindly sent by Ramon, and the results are reported in this paper. 

The question that arises next is whether the flocculation value of a toxoid 
determined by Ramon’s method, is a true index of its relative immunizing strength. 
According to Ramon, there is always a close parallelism between flocculation value 
and immunizing value of formol toxoids. But Otto and Hetsch (1935) believe differ- 
ently. They immunized a large number of guinea-pigs with 20 flocculation units in 
different volumes of three different lots of diphtheria-formol- toxoids containing 
3, 11, and 42 flocculation units per c.c. respectively, and found, contrary to 
expectation, that a toxoid with a lower flocculation value showed a better relative 
immunizing strength than another with a higher flocculation value. However, they 
injected different volumes of toxoid keeping unitage constant, while the present 
method of determining doses of different toxoids is in terms of volume only. It 
was, therefore, considered interesting to find the immunizing power of a number of 
tetanus-formol-toxoids in terms .of antitoxic response in guinea-pigs injected 
with the same volume of different lots of toxoids with different flocculation values 
determined by Ramon’s method. 


Experimental. 

A. Determination of flocculation value. 

Different lots of tetanus-foimol-toxoids were put in test-tubes in 5-c.c. 
volumes. Different amounts of special serum No. 678 sent by Ramon diluted 
so as to contain 300 I. U. per c.c., were put in each test-tube. Flocculation was 
observed as in previous experiments (Lakiri, 1938). The results are shown 
in Table I. 

Hence the flocculation values of the toxoid lots C.864, 371, 399, 433, and 451 
were respectively 39, 6, 9, 24, and 27 flocculation units per c.c. If these figures 
represent relative immunizing values of those toxoids, then toxoid lot 433 should 
be four times stronger antigenically than the toxoid lot 371, and toxoid lot 451 
should be three times stronger than lot 399, when compared in same volumes. 
Experiments described under the next headings were intended to determine whether 
these relationships held true or not. 

It is to be noted that there "were only single zones of flocculation in each 
series and flocculations in different mixtures progressed steadily in either directions. 
Presumably the special serum contains no other subsidiary antibodies against 
other components in the toxin broth excepting toxin proper. 



]). C. Lahiri. 


653 


'I’aih/H I. 

Times of flocculation in hours of different, toxoid-antitoxin mixtures. 

Amounts of * Lor Nt ? Miu:n or Toxoins, 5 r.o. in kac/i tijiu:. 
serum 078 , * 


rnnt .lining 
300 I. U. 

VMi 

i 

371 1 

300 

} 

433 1 

451 

per c.c. 1 

(Inst. Bust.). 

i 

i 

! 

j 

I 


0*75 

t 

n ! 

1 

* * 1 

1 

• • 

i 

i 

1 

** 

0*70 

o 

1 

» 


i 

! 

•* 

cm 

12 

* • \ 



8 

0*G0 

i 

n , 

j 

•• 


7J 

oj 

0*55 

l 

21 i 

* ! 

» 

•• 


0 i 

J 

5J 

0-50 

1 

22 

I 

i 

i 

1 

i 

\ 

5 

32 

0*45 

! 3 


j 

i 

i 

] 

41 

32 

0*40 

3 

•• 

| 

4 

4 

0*35 

3 

•• 

•• 

Gi 

7 

0*30 

31 


•• 

8 

8 

0*25 

31 



1 

i 


0*20 

•• 


m 

•• 

* • 

0*15 

•• 

•• 

9 

*• 


0*10 

•• 

10 

9£ 


... 

0*05 

•• 

12 

13 

•• 

•• 


Bold figures indicate initial flocculations. 

B. Determination of antigenic value. 


Guinea-pigs of from 330 g. to 350 g. body-weight were divided into groups of 
five. Six such groups were used for immunizing with one lot of toxoid. Four lots 
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of toxoid numbers 371, 399, 433, and 451 were used for the experiment. Each 
guinea-pig was injected with 2 c.c. of toxoid subcutaneously. 

Twenty-one days later exactly one c.c. of blood was drawn from the heart of 
each guinea-pig. Bloods from ten guinea-pigs comprising two groups injected with 
the same toxoid, were pooled in one test-tube. Clotting was prevented by using 
two c.c. of four per cent citrated saline for ten c.c. of blood from two groups of 
animals. The mixed plasma of ten guinea-pigs was titrated for antitoxin content. 
Two more c.c. of the same toxoid were injected subcutaneously on the same day. 

One month later, blood from them was drawn in the same amounts, mixed in 
the same way, and their plasma titrated. The results are shown in Table II : — 

Table II. 


Units (International) of antitoxin in pooled plasma of guinea-pigs immunized 

with various toxoids. 


Groups of guinea-pigs : — 

I and II. 

III and IV. 

V and VI. 

Plasma sample number : — 

1 

2 

1 

2 

1 

2 

Toxoid lot 371 

>0-6 

> 12*5 

0-5 

15 

• >0*25 

>10 

L f — 6 .. - 

<1 

<15 

| 

•• 

i 

<0-5 

j 

<12*5 

Toxoid lot 399 

1 

1 >0-1 

i 

i 

>5 

>0-25 

> 7‘5 

> 0*25 

>5 

L f — 9 

1 

<025 

<7*5 

<0-5 

<10 

ip 

© 

V 

<7*5 

Toxoid lot 433 

>2 

>15 

>0-5 

17-5 

i >0*5 

20 

L f - 24 

i 

<17*5 

<1 

i 

•• 

i 

<i 

•* 

Toxoid lot 451 

>1 

17*5 

1 

>17-5 

i 

' >0-5 

' i 

>15 

L f - 27 

<2 


i 

<20 

<1 

<17*5 


Discussion. 

All these toxoids were prepared in Veal-peptone-broth medium (Lahiri, 1939) 
by growing the same strain (A.471 T, from Frankfurt) of Cl. tetani for the same 
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number of (lavs. For detoxication (V25 per cent commercial formalin was used 
and the mixtures were incubated at, 37°C. to 38°C. for from three to six weclcs 
depending on initial toxicity. 

For the experiment, toxoids with lowest and highest, flocculation units were 
selected in order to get sharp differences in results of immunization tests. 
Differences in the amounts of antitoxin formed as a result of immunization with 
toxoids of high and low flocculation value were apparent. But they were not 
exactly proportional to the flocculation values. Moreover, two toxoids — lots 371 
and 399 — had their flocculation values nearly equal, that of the latter being slightly 
higher. But the one with the higher value seemed to produce smaller amounts 
of antitoxin than the one with a lesser value. 

Flocculation value of a toxin or toxoid is possibly only a gauge of the 
intensity and extent, of its physico-chemical affinity for its corresponding antitoxin. 
If it is assumed that antigenicity of a toxin or toxoid, which perhaps depends 
on the intensity of its capacity io supply stimulus to the antitoxin-producing 
mechanism, is not dependent on the same component of a toxin or toxoid which 
determines its physico-chemical affinity with its corresponding antitoxin, then the 
experimental results can be easily explained. It may be tme that generally a 
toxin or toxoid with high physico-chemical affinity for its antitoxin also possesses 
a high antigenic quality. Yet dissociation of its qualities may occur, and a toxin 
or toxoid with high flocculation value and low antigenic value or vice versa, may 
be expected. 

On this assumption it appears that all the different properties of a toxin are 
functions of different components. A toxin which is not toxic due to inactivation 
of its toxic component by its interaction with formalin at high temperature may 
yet be physico-cliemically active against its corresponding antitoxin, and antigenic. 
Similarly, a toxin with a lowered physico-chemical affinity for its antitoxin brought 
about by some unknown factors, may yet be highly antigenic. Normally speaking, 
a toxin which is highly toxic may also be highly reactive to its antitoxin and 
highly antigenic. But in cases of variation, no single property may serve as a 
gauge of its other properties. 

If this assumption is held to be reasonable, then it would appear that the purpose 
of comparison of immunizing values of an)’- two toxoids may only be best served by 
testing their antigenic values in a large number of suitable animals, while their 
flocculation values may serve as a very good guide sometimes givingFaccurate 
information about their antigenic values. 


Summary. 

Flocculation values of different tetanus-formol-toxoids were determined 
against a special serum prepared by Ramon. Toxoids of different flocculation 
values were used for immunizing guinea-pigs, and their antitoxic responses were 
measured m terms of antitoxin unit content per c.c. of circulafing blood It 
was found that antitoxic response after injection of a toxoid did not ahvavs 
closely correspond with its flocculation value. The possible cause of this variation 
is discussed. 
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TYPHUS IN THE SIMLA HILLS. 

Part IX. 

LABORATORY OBSERVATIONS, CHIEFLY ON HUMAN XK STRAINS. 


BY 


Lieut.-Coi.onkb W. J. WEBSTER, m.c., i.m.s., 
Director, Pasteur Institute oj India, Kasauh. 

( Inquiry wider the Indian Research Fund Association.) 


[Received for publication,' September 2/3, 1939.] 


The present position. 

It has been recognized for a number of years that the Tsutsugamushi disease 
of Japan, a variety of the XK serological type of typhus, is conveyed by the larval 
mite, Tromhicula alcamitsld, an ectoparasite of the vole, Microlus niontebelU 
(Kitashima and Miyajima, 1918). In Malaya Tromhicula dcliensis found on wild 
rats is probably the same as T. alcanmshi and is regarded as the vector of rural 
typhus, an XIC serological type of typhus differing from Tsutsugamushi disease only 
inasmuch as the latter shows primary cutaneous sores and buboes. Apparently 
the guilt of T. deliensis has not yet been definitely proved (Lewthwaite and 
Savoor, 1936). 

An inquiry into typhus in the Simla Hills has been in progress for some j r ears. 
Typhus strains have been isolated as follows : (1) XI 9 murine strains from Rattus 
rattus and rat-fleas, and (2) XK human strains from human cases of typhus. So 
far, no X19 strains have been isolated from human; cases and no XIC strain has 
been established either from possible animal reservoirs such as rats or from possible 
arthropod vectors such as fleas, bugs, ticks, or mites. Rat-fleas are suitable vectors 
experimentally between rats of the X19 type but there is no definite evidence 
regarding vectors of the XK type. 

Many attempts have been made to isolate XK strains from various sources 
especially from mites collected from rats and from mite-infested rats, but without 
success. In one case an XK strain was apparently recovered from a Trombicul id- 
infested rat by Dr. R. 0. A. Smith but the strain could 'not be established owinc to 
coincident infections with X19 typhus and Spirillum minus. & 
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Tiie possibility that monkeys are implicated. 

On a re-consideration of this work at the end of 1938 it was noticed that little 
attention had been paid to monkeys, which are in fairly close contact with man 
and might possibly play a part by harbouring typhus infection and/or attracting 
and distributing arthropod vectors. An attempt was therefore made to secure 
some wild monkeys for examination. The first brown monkey, Silenus ( Macacus ) 
rhesus, which was examined was found to harbour (much to the surprise of the 
entomologist) a number of larval mites of the suspected species cleliensis. Altogether 
six monkeys were available for examination between January and March but only 
one other yielded a few ddiensis larvae. The six monkeys were tested for typhus 
infection by passage of brain emulsion to guinea-pigs infrnperitoneally. There was 
no positive result although there were a few suggestive febrile reactions. The 
monkeys then became extremely wily as food was plentiful, and despite regular 
attempts to trap them the next specimen was not secured until August. It was 
found to harbour over a hundred ddiensis - like orange-coloured larvae, four of which 
when mounted and scrutinized proved to be actually ddiensis. Over 1 00 of these 
larvae were emulsified and half of the emulsion was injected infraperitoneally to 
each of two male guinea-pigs. The results were negative. 

The monkey was kept for a fortnight during which the Weil-Felix reaction 
remained XI 9 negative, XK + 1 : 26. It was then tesfed both by citrated blood 
passage and by brain passage but no evidence of typhus infection was obtained. 
The results are collected in Table I ^ 

Table I. 

Wild brown monkeys , Silenus rhesus. Attempts to demonstrate natural 

typhus injection. 


Numbci. 

Date of 
capture. 

Weil -Felix 
test (XK) 
X19 neg. 

T. dcliensifi 
larva 
present. 

ItCBult Of 

passage 
of mites. 

Kesult of 
passage of 
monkey 
brains. 

1 

27-1-39 

+ Is 25 

i 

20 

Negative 

, Negative. 

2 

28-1-39 1 

1 

4* Is 125 

2 

•• 

1 „ 

3 

14-3-39 

+ 1: 25 

Nil 

•• 

" 

4 

22-3-39 

-| 1 : 25 

1 

Nil 

** 

i 

77 

n 

22-3-39 

+ 1:2 r, 

Nil 

•• 

i 

i ” 

G 

24-3-39 i 

-1- 1 : 25 

1 

Nil 

j ! 

•• 

i 

1 ” 

j 

7 

10-8-39 l 

! 

+ J : 50 

100 + 

Negative. 

1 

If 

1 
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The grey langurs which are often in the vicinity of habitations are even more 
elusive and none have been captured. 

Conclusion . — The brown monkey, Silcnus rhesus , is a natural host of the larval 
mite, Trombicula deliensis. Attempts to isolate typhus strains from these monkeys 
and lrom larval mites removed from the monkeys were not successful. 


Weil-Felix reaction in wild monkeys. 

The blood serum of twenty-five wild monkeys from the plains was tested against 
X19 and XK Proteus emulsions with the following results : — 

XI 9 negative throughout, XK eight + 1 : 50, thirteen -j- 1 • 25, remainder 
negative. 


Artificial infection of wild brown monkeys, S. rhesus, with XK 

HUMAN STRAINS. 

Four wild brown monkeys from the plains were injected intrapcritoncally with 
spleen emulsions of passage guinea-pigs which had given typical reactions to 
infection with XK human strains of typhus. The results were as follows : — 

Monkey 1. — Injected with XK human strain Dennison lGth January, 1939. 
Weil-Felix test weekly, X19 negative, XK + 1 : 25 throughout. P.M. 5Gth day. 
Passage of brain to male guinea-pig intrapcritoncally — result negative. 

Monkey 2. — Injected with XK human strain Dyas 11th April, 1939. IVeil- 
Felix test weekly, X19 negative, XK negative or + 1 : 25 only. P.M. 3Gth day. 
Passage of brain to male guinea-pig intraperitoneally — result negative. 

Monkey 3. — Injected with XK human strain Dyas 3rd July, 1939. Weil-Felix 
test weekly, X19 negative, XK -j- 1 : 25 before infection and one week later, 
-J- 1 : 250 after second week, afterwards -f- 1 : 25 or negative. P.M. 56th day. 
Passage of brain to male guinea-pig intraperitoneally — result negative. 

Monlcey 4. — Injected with human strain Dyas 3rd July, 1939. Weil-Felix 
test X19 negative, XK + 1 : 50 before infection, -f- 1 : 25 one and two 
weeks after infection. Died 16th day. Passage of brain to male guinea-pig 
intraperitoneally — result negative. 

Conclusion. — Attempts to inject brown monkeys intraperitoneally with XK 
human strains of typhus were not satisfactory. Apart from the fact that brown 
monkeys may harbour the suspected larval mite T. deliensis , no evidence 
has, therefore, been obtained that monkeys are implicated in the epidemiology 
of typhus, but further work is required. 


Persistence of XK typhus infection in passage guinea-pigs. 

Guinea-pigs which had been injected intraperitoneally with human XK strains 
of typhus and which had shown the usual febrile reactions were tested at various 
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periods after infection by intraperitoneal injection of brain emulsions to fresh 
guinea-pigs. The results were as shown in Table II : — 


Table II. 


Persistence of human XK typhus in guinea-pigs. 


Strain and 
serial number. 

t 

Date of 
infection. 

Febrile 

reaction, 

days. 

Passage of 
brain to 2nd 
guinea-pigs, 
days after 
^ infection. 

Result. 

i 

Confirmatory 
passage to 3rd 
guinea-pigs from 
spleen result. 

Wooldridge . . 

229 

7-1-39 

9-14 

107 

1 

Negative. 

Negative. 

Dennison 

221 

16-1-39 

11-15 

98 

» 

99 

Dyaa 

24 

20-1-39 

7-14 

92 

99 

99 

Dennison 

246 

24-4-39 

7-14 

66 

99 

9 • • • 

Dyas 

52 

8-5-39 

8-14 i 

i 

63 

! Positive. Fever. 
Rickettsia -p. 

Died 7th day. 

Dyas 

69 

10-7-39 

11-14 

49 

Doubtful. No 
fever. Spleen -p. 

Negative. 

Dyas 

55 

5-6-39 

13-14 

35 

Positive. Fever. 
Ascites. Rickett- 
sia + • 

Positive. Fever. 
Ascites. 

1 

Dyas 

71 

24-7-39 

8-14 

25 ! 

Positive. Fever. 
Rickettsia -p. 

Positive. Fever. 

! Ascites. 


Conclusion. — XK human strains of typhus have been recovered from passage 
guinea-pigs by injection of brain emulsions intraperitoneally to guinea-pigs at 
periods up to 63 days after infection but not later. This evidence suggests that 
the reservoir of XK typhus injection in nature may not be in susceptible animals 
but perhaps in arthropod vectors. 

Artificial infection of Simla Hills wild rats, Rattus rattus, with 

HUMAN XK STRAINS OF TYPHUS. 

These wild rats and their fleas furnish a ready source of X19 murine typhus. 
Intraperitoneal infection with human XK strains was carried out, using spleen 
emulsions of passage guinea-pigs. The results were as follows : — 

XK human strain Dennison — four wild rats infected 22nd May, 1939. 

1. Died 7th day. 

2. Killed 8th day. P.M. negative. Spleen passage to guinea-pig gave 

X19 reaction (fever 10th to 14th days, scrotal reaction 11th day, 

Rickettsia +). 

3. Died 9th day. 

4. Killed 14th day (moribund). P.M. marked emaciation. Spleen passage 

to guinea-pig negative. 
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XK human straw Wooldridge — four wild rats infected 22nd May, 1939. 

1. Died 2nd day. 

2. Killed 8tli day. P.M. negative. Spleen passage to guinea-pig positive 

(fever 10th to 13th days, ascites, no scrotal reaction, Rickettsia -(-). 

3. Killed 14th day (moribund). P.M. marked emaciation. Spleen passage 

to guinea-pig gave XI 9 reaction (fever 10th to 14 th days, scrotal 
reaction 12th day, Rickettsia -f). 

4. Killed 28th day (moribund). P.M. marked emaciation. Spleen passage 

to guinea-pig gave X19 reaction (fever 10th to 14th days, scrotal 
reaction 10th day, Rickettsia not seen). Brain passage to guinea-pig 
gave a febrile reaction only, P.M. negative, Rickettsia not seen. 

Conclusion . — After intraperitoneal injection with human XK typhus strains, six 
out of eight wild rats were dead or moribund after periods varying from two to 
28 days. In three cases a typical XI 9 reaction was obtained on passage. In only 
one case out of eight could the XK strain be re-established on animal passage. 

Experimental typhus infection in white rats. 

White rats of the Pasteur Institute strain were injected inlraperitoneally with 
spleen emulsions of passage guinea-pigs showing typical evidence of infection with the 
X19 murine and XK human strains of typhus respectively. These rats showed no 
sign of illness and on post-mortem examination there was no scrotal reaction or ascites 
or splenic enlargement. Smears of scrapings from the tunica vaginalis, however, 
showed in all cases typical intracellular Rickettsia. Details are shown in Table III : — 

Table III. 


White rats inoculated with typhus. 


Strain used. 

Date of 
injection. 

Da} ? s between 
injection and 
P. M. 

Typical 
intracellular 
Rickettsia in 
smears from 
tunica 
vaginalis. 

XK Wooldridge . . 

1G-2-39 

9 

+ 

XK Dyas 

10-2-39 

9 

+ 

XK Dennison 

27-2-39 

7 

j 

+ 

XK Dyas 

11-4-39 

5 

+ 

XK Dyas 

11-4-39 

10 

+ 

XK Dyas 

11-4-39 

15 

i 

+ 

XI 9 murine 

14-2-39 

9 

+ 

X19 murine 

12-4-39 

i 

5 

i 

1 + 

X19 murine 

12-4-39 

9 

+ 
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Conclusion . — The laboratory strain of male white rats when injected with either 
X19 murine or XK human strains show neither symptoms nor signs but only 
‘ infection inapparente Rickettsia are definitely more readily demonstrable than 
in the case of guinea-pigs. Covell (1936a) noted this in the case of X19 strains. 

Negative findings in stray dogs. 

The blood serum of a number of pariah dogs from the plains and from 
the Simla Hills was tested against X19 and XK Proteus suspensions with the 
results shown in Table IY : — 

Table IY. 


Weil-Felix reaction in pariah dogs. 




i 

X19. 

1 

i 

XK. 


DogB tested. 

Number. 

i 

Negative. 

+ 1 : 50 

( Negative. 

i 

+ 1 : 25 

+ 1 : 50 

From plains 

87 

86 

1 

46 

i 

27 

i 14 

From Simla Hills — - 
February 1939 

7 

7 

. . 

2 

3 

2 

July 1939 

6 i 

6 


• 4 

i 

1 

1 


Eight stray dogs captured near Kasauli were also tested for typhus infection 
by intraperitoneal injection to male guinea-pigs of the washed blood clot. No 
evidence of typhus infection was obtained. 


Negative findings with bed-bugs. 

Three batches of bed-bugs (the species of temperate climates Cimex 
leclularius) were fed on XK-infected guinea-pigs and one batch on an Xl9-infected 
guinea-pig. Subsequent feeding experiments and animal inoculation experiments 
produced no evidence that bed-bugs are capable of transmitting typhus or that 
they can even harbour the infection. 

Note on the human XK strains examined. 

The XK strains Wooldridge, Dennison and Dyas were originally isolated from 
European patients by Dr. R. 0. A. Smith and were received from him about the 
68th, 68th, and 10th guinea-pig passages, respectively. 

_ A strain has since been isolated from Gauri Shahker Atri, an adult male 
Indian villager, who complained of severe headache and backache with fever and 
sleeplessness of one week’s duration. The blood was drawn into 1-1 per cent 
citrate^ at 7 a.m. but could not be made use of in the laboratory until 2 p.m. 
By this method it appears to be possible to isolate typhus strains later in the 
illness than had been supposed and even when there is several hours delay in 
infecting the experimental animals. 
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Fever cases are common among the villagers in the Simla Hills about the 
end of the monsoon and it has been supposed that these might be cases of typhus. 
The villagers do not encourage medical investigation and it is rarely possible to 
obtain even one sample of blood from a febrile patient. However, specimens were 
secured from 25 cases during August and September which, from the meagre 
histories obtainable, might possibly have been cases of typhus. Twenty-one of 
these were discarded at once as films of their blood showed heavy malarial 
infection. One further case gave a highly positive Widal reaction against 
Paratyphosus B. The remaining three cases were tested for typhus and one 
positive result was obtained, the above G. S. A. The Weil-Felix test on his blood 
ser um gave X19 negative, XK -{- 1 : 50 only. For a week or two before his fever 
commenced he had noticed that lie was being severely bitten while at work in the 
fields. He could not see the biting agent and larval mites are suspect. 


Note on the Rickettsia. 

In infections with both the X19 murine and the XK human strains the 
Rickettsia appear as miniature bacteria in the protoplasm of the endothelial cells 
of the tunica vaginalis of male guinea-pigs and white rats. ‘ Much patience is 
required in the examination of a smear of infected material in order to find them. 
Half an hour’s search may prove fruitless ’ (Lewthwaile and Savoor, Joe. cit.). 
Extracellular organisms have sometimes obviously escaped from a ruptured cell 
but generally speaking it is wiser to ignore suspicious organisms apart from those 
which are typical and intracellular. After three or four hours staining with 1 : 10 
Giemsa the Rickettsia of the XK type are on the whole more deeply stained 
than those of the X19 type. The colour varies, being sometimes definitely blue 
but usually some shade of purple. The Rickettsia vary considerably in size 
and shape. Those of the X19 type are most often thin bacilliform- or diph- 
theroid-like organisms while those of the XK type are usually bi-polar staining 
bacilliform- or diploeoccus-like organisms. The X19 type tend to be longer 
and thinner while in the XK type, the ends of the organisms are more definitely 
rounded. It is not always possible to distinguish the one from the other. In- 
fected cells may show only a few scattered organisms or the protoplasm may 
be packed with a compact mass of Rickettsia so that the individuals cannot 
be distinguished. Clumps of Rickettsia are sometimes haloed, being surrounded 
by a lighter-stained area of protoplasm. Intranuclear Rickettsia are never seen 
and other types of cells are not infected. Smears of the peritoneal exudate 
or smears of scrapings from the peritoneum especially from the spleen surface 
may also show Rickettsia. Spleen smears occasionally show typical intracellular 
Rickettsia and frequently Rickettsia-like extra- or intracellular bodies. 

_ In the Rocky Mountain Spotted Fever group of infections the appearances are 
entirely different (Pinkerton, 1936). There are generally less than 15 organisms 
to an infected cell and rarely more than 25. The individuals are larger and often 
definitely haloed. Macrophage cells are infected as well as serosal cells. In tissue 
culture the cell nuclei are also invaded by the Rickettsia. 

Mention may be made of a rapid, stain for Rickettsia described by Laigret and 
Auburton (1938). It is useful for diagnosis and especially as a preliminary in 
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the selection of specimens for more elaborate staining. For good differentiation 
nothing has been found better than the Giemsa-stained smears cleared in xylol as 
described by Covell (19366). 


Laboratory methods in typhus work. 

A s umma ry of suitable methods may be useful to other workers in India. The 
male guinea-pig is the experimental animal of choice in typhus work. For the 
isolation of tsutsugamushi strains the Malayan workers resort to the intraocular 
infection of rabbits. Suspected material, e.g., human blood, brain emulsions from 
suspected animal reservoirs, spleen or brain emulsions of passage animals or emul- 
sions of arthropods, should be injected intraperitoneally. The human blood may 
be in the form of a saline suspension of the washed cells deposited in 14 per cent 
citrate solution or a saline suspension of the washed clot after removal of serum 
(Giroud’s method quoted by Lewthwaite and Savoor, loc. cit.). The tissues or 
arthropods for passage may be ground up in 10 c.c. saline, the emulsion filtered 
through muslin and 5 c.c. injected to each of two guinea-pigs. Secondary infec- 
tions are common and the material should be handled in as sterile a manner 
as possible. 

A febrile reaction in the guinea-pigs should be looked for. It may start by 
the fifth day or be delayed as late as the 14th day and it may last for five days or 
more. There is generally a longer incubation period after brain passage than after 
spleen passage. With the guinea-pigs used the normal rectal temperature was 
between 101 , 6°F. and 102'4°F. Anything over 102'8°F. was regarded as febrile 
and during the febrile period the temperature varied usually between 103°F. and 
104'5°F. but temperatures as high as 105 - 7°F. were observed. If both passage 
animals die or fail to react the stock strains may still be recovered by brain 
passage of surviving guinea-pigs of earlier passages up to two months after 
infection. 

In the case of X19 infections the scrotal reaction may be expected to 
show about the 5th to 8th days and it lasts for from three to seven days. 

Post-mortem examination and passage are conveniently carried out when the 
scrotal reaction is passing off in the case of X19 infections or about the 14th day 
in the case of XK infections. In both types the spleen is usually enlarged and 
dark, and sometimes shows a whitish surface film. In XK infections there is often 
abundant clear viscid fluid in the peritoneal cavity. In one series 34 out of 45 
passage animals showed ascites about the 14th day. 

Smears, of scrapings from the tunica vaginalis show typical intracellular 
Rickettsia in more than half the passage animals. In X19 infections the best 
time for the demonstration of Rickettsia is when the scrotal reaction first appears. 
Later on, the appearances are spoilt by the presence of masses of the granules 
described by Mooser (1928). 

To summarize : Both types give a febrile reaction, both show enlarged spleen 
and Rickettsia can often be demonstrated in the tunica vaginalis : scrotal reaction 
is characteristic of the X19 murine type and ascites is a feature of the XK human 
type. 
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The white rat is useful if good specimens of Rickettsia arc required — .after 
intraperiloneal infection numerous Rickettsia-infected cells may be found in scrap- 
ings from the tunica vaginalis taken between, say, the 5th and 15th days. 

The most useful animal for the demonstration of agglutinins is probably the 
rabbit. The blood serum examined at weekly intervals after intraperitoneal infec- 
tion will sometimes, but by no means always, show a significant rise of agglutinins 
against Proteus X19 or XK suspensions respectively. 
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Summary. 

1. The suspected vector of the XK type of typhus in the Simla Ilills, the 
larval Trombmda dcliensis, has been found as a natural ectoparasite of the brown 
monkey, Silcnus (Macacus) rhesus. Attempts to isolate typhus strains from these 
monkeys and from larval mites removed from them have so far been unsuccessful. 
Intraperitoneal injection of these monkeys with XIv human strains of typhus gave 
negative results. The evidence is not sufficient to eliminate the possibility that 
monkeys are concerned in the spread of typhus. 

2. XTC human strains of typhus have been recovered from passage guinea- 
pigs at periods up to 63 days but not later. The reservoir of XK typhus infection 
between one typhus season and the next may be in the (unknown) arthropod 
vector. 

3. X19 murine strains of typhus can be recovered from wild rats in the Simla • 
Hills with great regularity. The isolation of XK strains from the same source (if 
they are actually present) is thereby rendered difficult, and attempts have so far 
been unsuccessful. 

4. A laboratory strain of white rats showed no symptoms after infection 
with either X19 murine or XK human strains of typhus, but Rickettsia are 
readily demonstrable. 

5. An XK human strain of typhus was isolated from an Indian patient 
about the end of the first week of the illness and when there had been a delay 
of several hours before animal inoculation was carried out. 

6. Negative findings are recorded regarding the implication of (a) pariah dogs 
and ( b ) bed-bugs in typhus epidemiology. 

7. Notes are given on the Rickettsia and on laboratory methods in typhus 
work. 

8. The observations on Himalayan strains of typhus have given similar 

results to ^ those reported from Malaya where much more extensive investigations 
were carried out (Lewthwaite and Savoor, loc. cit.). & 
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The remarkable effect of nicotinic acid in the treatment of pellagra has 
been conclusively demonstrated by Spies and his collaborators (1938), and a 
considerable number of other workers in various countries. The trial of nicotinic 
acid in the treatment of pellagra was prompted by the observation of Elvehjcm 
ct al. (1937) that nicotinic acid cures black-tongue in dogs, a condition which 
has for a number of years been considered analogous to human pellagra. 

The association of pellagra with a maize diet has been recognized for more 
than a century. While occasional cases of pellagra may occur among populations 
consuming cereals other than maize, pellagra as a large scale public health 
problem exists only in countries in which maize is the staple food. An example 
of the latter is Roumania. In certain maize-eating districts in Roumania, 5 per 
cent or more of the population may show signs of pellagra at the season of 
greatest prevalence (Aykroyd, Alexa and Nitzulescu, 1935). We may contrast 
this high incidence with the rarity of classical pellagra in the rice-eating areas 
of India. A few cases of primary and secondary pellagra have been reported 
here and there, but the disease never assumes epidemic proportions. No theory of 
causation can be regarded as satisfactory which does not explain the maize-eater’s 
liability to the disease. 

Since nicotinic acid improves or cures pellagra, it is natural to suppose that 
the disease is directly due to nicotinic-acid deficiency in the same way that 
beri-beri is directly due to vitamin-Bi deficiency. The development of the 
cyanogen-bromide method for estimating nicotinic acid in biological materials 
(Swaminathan, 1938, 1939), which has been employed with slight modifications by a 
number of other workers (Bandier, 1939 ; Bandier and Raid, 1939 ; Pearson. 
1939), made it possible to test this hypothesis. In the present investigation the 
nicotinic-acid content of various cereals, including maize, has been determined and 
the nicotinic-acid content of a maize diet associated with pellagra has been compared 
with that of a typical poor rice diet. 

( 667 ) 
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Experimental. 

The method employed has been described in detail before (Swaminathan, 
loc. cit.). The following is a brief summary : — 

A weighed amount (20 g. to 30 g.) of the finety-ground test material is extracted with hot water. 
Protein and its derivatives are removed with lead acetate and the excess of lead as lead 
sulphate. The extract is evaporated to a small bulk (about 100 ml.). Concentrated 
hydrochloric acid is added to make about a 5 per cent solution, and the solution boiled 
for 30 minutes to convert nicotinamide into the acid. The solution is decolorized with 
charcoal in an alkaline medium (pH 10), brought to pH 7, and made up to volume (150 
ml. to 200 ml.). 

The nicotinic acid present was estimated in aliquots (5 ml. to 10 ml.) of the extract, after treat- 
ing with the cyanogen-bromide-aniline reagent, in the presence of 2 ml. of phosphate 
buffer. The resulting colours were compared against those obtained with standard 
nicotinic acid (10 p g. to 20 ug.) treated in the same manner. 

The results of determinations carried out on various cereals and cereal products 
are shown in Table I : — 

Table I. 

Nicotinic-acid content of various cereals and cereal products. 

Mg./lOO g. 

Wheat, whole (sample 1) . . . . 5'3 

Wheat, „ ( „ 2) .. .. 4‘7 

Wheat, refined, white, flour (sample 1) . . IT 

Wheat, „ „ „ ( „ 2) .. 0*9 

Wheat germ .. . . ..9*1 

Barley (sample 1) . . . . 2*5 

Barley ( „ 2) . . . . . . 3*0 

Oats, * medium * (sample 1) .. ,.1*0 

Oats, ‘medium' ( „ 2) . , ..1*1 

Millets ‘ — 

Cambu (Penniselum typhoideum) (sample 1) .. 2*1 

Cambu „ „ ( „ 2) . . 2*0 

Cholam (Sorghum vulgare) (sample 1) . . 1*4 

Cholam „ „ ( „ 2) ..1*5 

Ragi (Eleusine coracana) (mean of 5 samples) . . 1*4 

Of the products tested, whole wheat stands the highest. Home-pounded 
raw and parboiled rice, milled parboiled rice, and barley, come next in order. There 
is little to choose between whole maize, milled raw rice, and the various millets. 
The lowest figures were given by oats, de-germinated maize meal, and refined wheat 
flour. No light was thrown on the association between maize and pellagra by this 


Maize, whole, white (mean of 9 1*3 
Indian samples). 

Maize, whole, yellow (mean of 9 1*4 
Indian samples). 

Maize, cornflour, refined . . 0*3 

Rice, raw, home-pounded (mean of 2 *4 
4 varieties). 

Rice, raw, milled (mean of 9 1*6 
varieties). 

Rice, parboiled, home-pounded 4*0 
(mean of 4 varieties). 

Rice, parboiled, milled (mean of 3*8 
9 varieties). 

Rice polishings . . 8*8 
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series of tc-ds. The whole mnize samplei were low in nicotinic noirl hilt nof. very 
different in this respert from various other cereal products. 

The maize tested was all grown in India, We felt- it possible that Indian maize 
might differ in nicotinic-arid content from maize grown elsewhere, in the world, or 
that maize actually consumed by pellagrins might have a particularly low value. 
Accordingly, wo obtained samples of maize from parts of the United States and 
Houmania ’ where pellagra is Known to occur. Two samples wore supplied by 
Dr. T. 1). Spies. Cincinnati, Ohio ; one of those was whole meal, the other a highly- 
milled do-germinated product, both obtained from white maize. Some 25 specimens 
were sent bv Dr. J. Xifzulcseu. Jassy. Houmania. These were whole, yellow, 
unground maize and obtained directly from peasant families living in the pellagra 
district, of Moldavia and growing maize for their own use. Some of the families 
concerned contained eases of pellagra. The nicotinic acid of various samples of 
maize from U. S. A. and Houmania is shown in Table II : — 


Tania; II. 

The nicotinic-acid content oj maize samples obtained from places in U. S. A. 
and Houmania where, pellagra is /mown to occur. 

Mg./ 100 g. 

i R SMACKS. 


Maize meal, whole, white, U. S. A. 

„ „ de-germinated, white, U 

Maize, whole, yellow, Rounmnia 


S. A. 


without „ 


Mean of Indian samples (yellow) 


.. 1-0 
.. 00 
.. 1-2 
.. 1-3 
.. 1-3 
.. 1-4 
.. 1-3 
.. 1-5 
.. 1-6 
.. 1-4 
.. 1-4 
.. 1-6 


Mean of samples from families with pellagra . . 1'3 


. . 1-4 


From a family with 3 pellagra cases. 


„ 1 
„ 1 
„ 1 
„ 1 
„ 4 

No pellagra in family. 


case. 


cases. 


The values given by the American and Roumanian samples were similar to 
hose given by the Indian samples. There was little dilTerence between the samples 
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obtained from families with or without pellagra, which suggests that variations in 
the nicotinic-acid content of maize play no part in the aetiology of the disease. Of 
the American samples, the whole maize-meal product gave a considerably higher 
figure than the de-germinated product. This is a point of some interest, since 
certain Am erican workers have maintained that the outbreak of pellagra in U. S. A. 
in the early years of the present century was due to the widespread introduction of 
the de-germinated maize meal. It is to be observed, however, that pellagra occurs 
in severe form in Roumania among peasants consuming whole, yellow, maize. 

The nicotinic-acid content of rice . — Table III shows the details of the analyses 
of rice samples summarized in Table I : — 


Table III. 

Nicotinic-acid content of varieties of rice. 


Mg./lOO g. 


Variety. 

Raw. 

Parboiled. 

Home-pounded. 

Mailed. 

Home-pounded. 

Milled. 

Yadan Samba 


1*5 


3*5 

CO 9 


1*5 


3*1 

ADT 2 

. . 

1*6 


3*6 

ADT 11 

2T 

1*7 

4*1 

3*6 

GEB 24 

, , 

2*3 


4*8 

CO 7 (1st sample) 


1*8 

. , 

4*7 

CO 7 (2nd sample) 

2*2 

1*1 

3*8 

3*4 

CO 5 . . . . ! 

2-8 

1*3 

4*6 

4*1 

CO 2 

2-4 

1*7 

3*3 

i 3*0 

I 

Average 

2*4 

1*6 

4*0 

3*8 


A striking finding was the relatively high nicotinic-acid content of milled 
parboiled rice. In the parboiling process, rice is soaked in the husk for 24 to 36 
hours, subjected to steam at atmospheric pressure for 15 to 20 minutes and subse- 
quently dried in the sun. It was shown by Aykroyd (1932) that during the process 
of parboiling some of the vitamin Bj present in the germ and pericarp diffuses 
through the grain and cannot be removed on subsequent milling. The results 
shown in Table III suggested that nicotinic acid behaves in the same way. 

To investigate this point further, samples of raw and parboiled rice milled to 
specific degrees were obtained. A hand machine for milling rice samples, similar 
to that used in the earlier experiments (Aykroyd, 1932) was kindly lent by the 
Biochemical Department, Indian Institute of Science, Bangalore. The loss of 
weight occurring in samples of rice subjected to milling was used as the criterion of 
the degree of milling. The machine mills rice cleanly with few breakages and the 
loss of weight is almost entirely due to the removal of the outer layers. 

Two varieties of rice were used, CO 9, a large-grained red rice, and ADT 2 
a small-grained white rice. These varieties, in the raw and parboiled state, were 
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milled to various degrees and the nicotinic-acid content of the resulting samples 
determined. The values obtained arc shown graphically in Charts 1 and 2. The 


Chart 1. 



Percentage of millings removed. 

The effect of milling in the raw and parboiled state on nicotinic-acid content. (Rico CO 9). 



Nicotinic acid mg./lOO g= 
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nicotinic-acid content of husked rice, i.e., rice in which the germ and pericarp is 
almost intact, is 3 mg. to 5 mg. per cent. It aw rice when pounded loses about 
half the nicotinic acid originally present and when machine-milled about two-thirds. 

Chart 2. 



The effect of milling in the raw and parboiled state on nicotinic-acid content. (Rice AT)T 2). 
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This shows that, most of the nicotinic acid in t lie rice grain is concentrated in the 
germ and pericarp. 

The charts demonstrate very clearly the effect of parboiling. The parboiled 
samples, even when very highly milled, retained more than 3 mg. of nicotinic acid 
per cent. While milled parboiled rice is superior to whole maize in nicotinic-acid 
content the values given by milled raw rice and maize are of the same order. 

Washing and cooking . — In preparation for consumption, rice is usually washed 
3 times. The amount of water used in the subsequent cooking varies according 
to custom. Some communities or groups consume the cooking water ; others discard 
it. In the experiments summarized in Table IV, the rice was washed 3 times and 
cooked in rather more than enough water to cover it : — 


Table IV. 


The effect of washing and cooking on the nicotinic-acid content of rice. 


Serial number. 

Rice 

variety. 

Method of preparation. 

Uncooked rice, 
mg./ 100 g. 

Cooked rice, 
mg./lOOg. 

Perce n tago 
remaining i n 
cooked rice. 

O ^2 

teg 

s* 

C ri 

0-5 u * 

O Q 
** co d 

o o > 

Percentage lost 
in conjee. 

1 


Raw, hand -pounded 

m 

00 

2/5 

50 

25 

2 

>» 

Parboiled, liand-poundcd 

1 

1*3 

40 

10 

40 

3 


Raw, machine-milled 

1*7 

0*0 

30 

55 

15 

4 

>> 

Parboiled, machine-milled 

3-0 

1*3 

40 

10 

50 

5 

CO 5 

Raw, hand-pounded 

2*8 

1*3 

45 

. . 

, , 

6 

» 

Parboiled, hand-pounded 

4-0 

1*9 

40 

. . 


7 

n 

Raw, machine-milled 

1-3 

0*5 

40 

, . 

# t 

8 

99 

Parboiled, machine-milled 

i 

4*1 

1*8 

45 

, , 

.. 

9 

CO 7 

Raw, hand -pounded 

2*2 

0*9 

40 

• • i 

.. 

10 

99 

Parboiled, hand-pounded . . j 

3*8 

1*7 

45 



11 

99 

Raw, machine-milled 

M 

0*4 

i 

35 

.. 


12 

99 

Parboiled, machine-milled 

3*4 

l 

1*4 

40 

• • 




Average 

i 

- 

40 

•• 
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Washing and cooking in this manner were found to reduce the nicotinic-acid 
content of rice by 50 to 60 per cent. Allowing for differences in custom, we may 
reckon that on the average rice loses 40 to 50 per cent of its nicotinic acid during 
domestic preparation. It is important to note that the values for raw milled rice 
when cooked are very considerably below those given by any sample of maize. 

The nicotinic-acid content of maize and rice diets . — The frequency of pellagra 
among poor maize-eating populations, and its rarity among poor rice-eating popula- 
tions, cannot then be explained in terms of the nicotinic-acid content of these cereals, 
as deter min ed by the cyanogen-bromide test. There remains the possibility that 
the poor rice-eater obtains greater quantities of nicotinic acid from ingredients in 
the diet other than his staple cereal. Data are available for the investigation of 
this question. In India some 15 diet Surveys have been carried out on rice-eating 
groups in widely-separated areas of the country. These have revealed that the 
diet of the poor rice-eater is astonishingly uniform throughout India. The 
rice diet shown in Table Y, based on the results of surveys, is typical, and such 
as is consumed by millions in India. 

Dor information about poor maize diets we can turn to a survey made in a 
pellagrous district in Moldavia (Aykroyd, Alexa and Nitzulescu, loc. cit.). This 
investigation covered 22 families during the winter and spring of 1933-1934. 
Of the 22 families, 17 contained members who had suffered from pellagra in the 
spring of 1933. A picture of the diet consumed by poor Roumanian families 
liable to suffer from pellagra was provided by the survey. 

Table Y compares the nicotinic-acid content of this diet with a typical poor 
rice-eater’s diet. The nicotinic-acid values are based on determinations carried 
out on the uncooked foodstuffs. Maize was given a value of 1*4 mg. per cent. The 
nicotinic-acid content of the rice diet has been calculated on four assumptions, 
namely, that the main ingredient is (a) uncooked raw milled rice, ( b ) cooked raw 
milled rice, (c) uncooked parboiled milled rice, and (d) cooked parboiled milled 
rice. Since rice must always be cooked, (a) and (c) have no reference to practice 
and are inserted for purposes of comparison. Both raw and parboiled rice are 
consumed in India. No information is available as to losses in the nicotinic-acid 
content of maize on cooking. These must be very much smaller than those 
occurring in the case of rice, since maize is not washed before cooking, and in 
such districts as Moldavia is made into a species of pudding or cake 
(‘ mammaliga ’) with the addition of only small quantities of water for cooking. 

Apart from the staple cereal, the diets bear a fairly close resemblance. They 
contain 40 g. to 80 g. of pulses, 50 g. to 100 g. of fruit, little or no milk, and small or 
negligible quantities of meat. The Roumanian diet has a slight advantage as 
regards the abundance of non-cereal ingredients. In both diets the cereal supplies 
the greater part, of the nicotinic acid. The calorie yield of the Roumanian diet 
is considerably in excess of that of the Indian diet. 

The nicotinic-acid content of these maize and rice diets, as estimated by the 
cyanogen-bromide test, thus fails to explain why one diet is pellagra-producing, 
the other not. The rice-eater, if he consumes his rice in the raw milled state' 
obtains less nicotinic acid than the poor Roumanian maize-eater who suffers from 
pellagra. 
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Tahle V. 


The nicotinic-acid content, of maize and rice diets. 


Maizi: mirr (Roumania). 

High diet (India). 

Ingredients. 

Grammes per adult 
male. (Consump- 
tion unit.) 

Nicotinic acid (mg.). 

Ingredients. 

43 » 

3 a 

T3 P 
a p 

o S 

S w, 5 

E 6 p 
£~ g 

d £ # o 

to 

S 

• — «. 

*o 

<3 

O 

".S 

44 

O 

u 

£ 

Whole maize . . 

702*0 

10*G7 

Raw milled rice, uncooked . . 

590-0 

9*54 

Whole wheat . . 

2*0 

0*10 

Raw* milled rice, cooked 

596*0 

3-00 

Refined wheat flour 

40*0 

0*40 

Parboiled milled rice, uncooked 

590-0 

22*65 

Bread, brown . . 

42*0 

0*40 

Parboiled milled rice, rooked . . 

596*0 

S*94 

Bread, white , . 

9*0 

004 

Dlial arhar 

20*0 

0*90 

Rice 

16*0 

0*32 

Black gram ( Phascolu * imingo) 

20-0 

0*50 

Milk 

11*0 

0*10 

Brinjal (*9olanuw mdongena) . . 

28*0 

0*28 

Butter milk and skimmed 

5'1 

0*08 

Amaranth [Amaranihus gnngrti - 

14*0 

0*14 

milk. 



cus). 



Eggs - 1 

0*5 

• o-oi 

Raw plantain 

14*0 

0-14 

Meat , . , . I 

34-0 

T79 

Meat . . . . . . i 

2*0 | 

0-10 

Beans * . . , 

80*0 

0*86 

Gingelly oil . . . . 

3*0 

• • 

Other vegetables and fruits 

100*0 

0*60 

Coco-nut 

2*0 

0-05 

Total 


15 

Total : — With raw milled rice, 

• . 

12 




uncooked. 

» 






With raw milled rice, 


5 




cooked. ^ 






With parboiled milled 


25 




rice, uncooked. 






With parboiled milled 


11 



i 

rice, cooked. 




* Discussion. 

In another paper published from the Laboratories (Aykroyd, Krishnan and 
Passmore, 1939), evidence has been brought forward that pathological conditions 
j, MR K 
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due to nicotinic-acid deficiency may occur in individuals consuming rice diets. 
Stomatitis resembling that observed in pellagra, often associated with, other 
lesions of muco-cutaneous junctions, is very common among poor rice-eaters. 
Symmetrical dermatitis, diarrhoea, and mental changes, which are cardinal signs of 
pellagra, are not observed in these cases. Large doses of nicotinic acid produced 
improvement in a proportion of stomatitis cases, the improvement in the glossitis 
being particularly marked. It was observed that the excretion of nicotinic acid in 
these subjects, both before and after receiving a test dose of nicotinic acid, was 
lower than that observed in normal individuals (Swaminathan, 1939). 

We are not at present in a position to explain why the poor rice-eater, who 
may apparently suffer from nicotinic-acid deficiency, so rarely develops true 
pellagra. Presumably the missing link will be found in some difference between 
maize and rice other than nicotinic-acid content. When pellagra was generally 
supposed to be due to vitamin-B 2 deficiency, it was shown by Aykroyd (1930) 
that neither rice nor millet had any superiority over maize as a source of 
vitamin B 2 and it was concluded that ‘ \dtamin-B 2 deficiency cannot be accepted 
as the sole cause of human pellagra, as this disease is almost invariably associated 
with the consumption of maize There is a certain parallelism between the 
earlier investigation and the present one. 


Summary. 

1. The nicotinic acid of a number of cereals and cereal products has been 
determined by the cyanogen-bromide method. Whole wheat was found to stand 
the highest. Home-pounded raw and parboiled rice, milled parboiled rice, and 
barley came next in order. Maize, milled raw rice, and the various millets gave 
low value of a similar order. 

2. Maize obtained from parts of the United States and Roumania, where 
pellagra is known to occur, was found to have a nicotinic-acid content similar to 
that of Indian maize. Maize obtained from Roumanian families containing cases 
of pellagra did not give lower values than other samples. 

3. The nicotinic acid present in rice is concentrated in the germ and pericarp. 
When rice is parboiled, nicotinic acid diffuses through the grain and cannot be 
removed on milling. Washing and cooking may remove some 50 per cent of the 
nicotinic acid present in rice. 

4. The nicotinic-acid content of a poor maize diet associated with pellagra 
and of a typical poor rice diet was compared. The latter was estimated to contain 
less nicotinic acid, than the former. Comparison of the nicotinic-acid content of 
poor rice and maize diets, as determined by the cyanogen-bromide method, thus 
fails to explain the association of pellagra and maize. 
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THE SYNTHESIS OE NICOTINIC ACID BY BATS. 

BY 

K. L. SHOURIE, 

AND 

M. SWAMINATHAN. 

(Nutrition Research Laboratories, I. R. F. A., Goonoor , S. India.) 

[Received for publication, Soptomber 30, 1939.] 

A number of workers (Rhoads and Miller, 1935 ; Birch cl oL. 1935, 1937 ; 
Harris, 1937) have shown that rats can survive and thrive fairly well on diets which 
may produce pellagra in human beings, black-tongue in dogs, and deficiency states 
in pigs and monkeys. It seems to follow that rats do not need, or can synthesize, 
the pellagra-preventive factor, now identified with nicotinic acid (Elvehjem cl ah, 

1937) . Macrae and Edgar (1937), Cook el al. (1937), and Dann and Subbarow 
(1938), were unable to show that nicotinic acid and its derivatives are dietary 
essentials for fats. Chick el al. (1938) noted no increase in growth when rats fed 
on a maize diet received a nicotinic-acid supplement. On the other hand, certain 
workers (Frost and Elvehjem, 1937 ; Euler cl al., 1936, 1938 ; Helmer and Fouts, 

1938) have reported that nicotinic acid and its derivatives may, under certain 
conditions, have an effect on the growth rate of rats. 

The purpose of the present investigation was to find out whether rats require 
nicotinic acid for maintenance and growth or whether they can synthesize it. 

Experimental. 

Four groups of young rats (12 in each), with an average weight of 60 g., were 
fed respectively as follows : — 

Groups I and II received diet 1 and groups III and IV were given diet 2 
(Table I). . Groups II and IV received in addition 1'25 mg. of nicotinic acid per day 
per rat mixed with the diet. 

The diets were thoroughly mixed, and made into a paste by adding distilled 
■water in order to prevent scattering of food. The weights of the diets before 
and after the addition of water were noted. In weighing out the daily food, care 
was taken that the food given should not exceed greatly the average food consump- 
tion, thus avoiding a large residue. Food remaining uneaten was collected daily 

( 679 ) 



680 


The Synthesis of Nicotinic Acid by Rats. 


dried in an air oven at 100°C., and the corresponding dry weights of the residual 
food subtracted from the dry weight of food given, to obtain the food intake. 

Table I. 


Composition of diets. 


Ingredients. 

Diet 1 
(parts). 

Diet 2 , 
(parts). 

Casein 

25 

25 

Starch 

59 

47 

Maize (white) . . 

i 

12 

Coco-nut oil 

10 

10 

Cod-liver oil 

3 

3 

Salt mixture . . 

3 

3 


In addition to the diet each rat 
received daily 10 fig. of crystalline 
vitamin and 40 fx g. of flavine.* 


' The test diets were given for 9 weeks and 3 days, the first 3 days being regarded 
as a preparatory period allowing the rats to accommodate themselves to the diets. 
The rats were weighed weekly. 

Tour rats from each group were kept individually in metabolism cages. The 
urines and iseces of these were collected daily. To prevent decomposition of urine, 
10 c.c. of 5 per cent HC1 were placed in the flasks used for collection of urine. The 
metabolism cages, funnels, separators, and flasks placed for the collection of urine 
were washed down daily with small quantities of distilled water and the washings 
added to the respective urine bottles. The urine and washings were daily filtered 
through cotton-wool. The fseces were transferred daily into a small wide-mouthed 
bottle and dried in an air oven. Urine and faeces were analysed for nicotinic acid'as 
described below : — 

The analysis of urines, faeces, and tissues, for nicotinic acid. — Urine and washings 
collected over a period of one week were concentrated to a small volume (about 
100 ml.) and the procedure previously described (Swaminathan, 1939) for human 
urine was applied. Weekly collections of faeces were dried and ground to a fine 
powder, and nicotinic acid estimated, the procedure adopted being the same as for 
foodstuffs and tissues (Swaminathan, 1938). 

Muscle and liver. — The analytical procedure adopted was the same as previously 
described (Swaminathan, 1938) for liver. 


*Thc flavine used in these experiments was kindly supplied by the Glaxo Laboratories, Ltd., 
Greenford, Middlesex, England. 




K. L. SJiourie and M. Swaminathan. 


681 


Blood .— Blood filtrates obtained after tlie precipitation of proteins with tungstic 
acid were concentrated to a small bulk (about 10 ml. to 15 ml.). Concentrated 
hydrochloric acid, 2 ml. to 3 ml, was then added, and the mixture boiled for half 
an hour. Excess of Ba(OH )2 was added to precipitate the sulphuric and tungstic 
acids present. The mixture was filtered and the barium in the filtrate removed as 
sulphate. The final solution was adjusted to pH 7 and made up to a convenient 
volume so that 1 ml. contained about 1 fig. to T5 fig. of nicotinic acid. The 
solutions in most cases had a light yellow colour which was allowed for by carrying 
out blank estimations. 

The colorimetric procedure was essentially the same as that previously 
described (Swaminathan, 1939) for estimating the nicotinic-acid content of human 
urine. 

Results. 

Intake and excretion of nicotinic acid . — Table II shows the intake and excretion 
of nicotinic acid by rats on different diets. It will be seen that the rats in groups I 
and III, receiving 5 fig. and 22 fig. daily, excreted on the average 36 fig. and 16 fig., 
and 40 /tg. and 23 fig., in the urine and f feces, respectively. The quantities excreted 
per rat were thus 47 fig. and 41 fig. more than intake in the respective groups. 

Table II. 

Average intake and excretion of nicotinic acid. 


Micrograms per rat per day. 



I 

Group number. ^ J 

Intake. 

Excitr/rioN. 

Nicotinic- 

acid 

balance. 


Urine. 

Fames. 

I. 

Basal diet 

5 

36 

16 

- 47 

II. 

Basal diet + nicotinic acid 

1,135 

60 

23 

•f 1052 

III. 

Basal diet + maize . . 

22 

40 j 

23 

- 41 

IV. 

Basal diet + maize + nico- 
time acid. 

1,212 

60 

28 

+ 1124 


Nicotinic-acid content of rat tissues . — It will be seen from Table III that there 
was no appreciable difference in the nicotinic-acid content of the liver, muscle 
and blood, of the rats fed on the different experimental diets. The figures obtained 
in all the groups, including the groups in which intake of nicotinic acid was small 
were close to those given by young rats of the same age fed on the Coonoor stock 
diet. This observation, taken in conjunction with the fact that excretion exceeded 
intake in groups I and III, proves that rats are able to synthesize nicotinic acid 
The total amount of nicotinic acid excreted during 9 weeks was greatly in excess 
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of intake and the results shown in Table III indicate that the excess could not 
have been derived front the tissues. 


Table III. 


Nicotinic-acid content of different organs. 


Group number. 

Average body- 
weight, g. 

Liver, mg. per 

; ioo g . 

Muscle, rag. per 

100 g. 

Blood, mg. per 
100 c.c. 

Initial values given by 
controls on stock diet. 

62 

15-2 

4*6 

0*04 

i ..| 

107 ' 

15*0 

1 j 

2*0 1 

0*95 

II .. .. ' 

109 

17*1 ! 

3*3 

0*95 

III .. .. 

136 | 

13*8 

3*2 

0*84 

IV 

135 

14*0 

3*2 

0*91 


The nicotinic-acid excretion per rat in groups II and IV, receiving 1,135 /xg. 
and 1,212 /xg. daily, was only 60 /xg. and 23 /xg., and 60 jug. and 28 jug., in urine 
and faeces, respectively. The fate of the large excess of nicotinic acid not 
excreted is a problem for further investigation. 

The addition of 1'25 mg. nicotinic acid to the basal diet, and the basal diet 
plus maize, did not produce greater gains in body-weight than these diets without 
the nicotinic-acid supplement (Table IV). These results are not in agreement 
with those of Frost and Elvelijem (1939). The introduction of 12 per cent of maize 
in the basal diet in place of an equivalent amount of starch definitely increased 
the rate of growth, which was presumably due to the fact that maize supplied factors 
in the vitamin~B 2 complex other than nicotinic acid and flavine. 

Table IV. 


Increase in body-weight of the rats on the different diets. 



■ 

Group number. | 

Average initial 
body- weight, j 
g« 

Average final 
body-weight, 
g* 

Gain in body- 
weight during 

9 weeks, g. 

{ 

Average weekly 
increase in 
body -weight, g. 

L 

Basal diet 

61 1 

1 i 

r - — 

107 

I 

46 1 

6*1 

IL 

Basal diet -f- nico- 
tinic acid. 

! 63 • i 

1 

100 

t 

37 

4*1 

III. 

Basal diet maize 

63 

i 

136 

i 

73 

8*1 

IV. 

Basal diet + maize 
+ nicotinic acid. 

62 

t 

1 135 

i 

73 

8*1 
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The question whether nicotinic acid is synthesized by the tissues of the rat 
or by intestinal bacteria, requires investigation. 


Summary. 

1. Balance experiments were carried out for 9 weeks on 4 groups of rats. 
Two groups were given diets supplying about 5 /xg. and 22 /xg. of nicotinic acid 
daily, respectively. The other two groups received the same diets supplemented 
with about 1 mg. of nicotinic acid per rat ppr day. In the 2 groups fed on the 
unsupplemented diets the excretion of nicotinic acid per rat per day was 4] /xg. 
and 47 /xg., respectively, in excess of intake. 

2. The groups of rats receiving about 1 mg. of nicotinic acid daily per rat 
excreted only 83 /xg. and 88 /xg. daily, respectively. 

3. There was no appreciable difference between the nicotinic-acid content 
of the liver, muscles, and blood of the rats fed on the diets with and without addi- 
tional nicotinic acid. 

4. It is concluded that the rat can synthesize nicotinic acid. 

5. The addition of nicotinic acid to the basal diet containing vitamin Bi 
and flavine did not increase the growth-rate. 
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THE PROTECTIVE ACTION OF TISSUES OF SCORBUTIC 
AND NORMAL GUINEA-PIGS AGAINST THE 
OXIDATION OF VITAMIN C AND THE 
NATURE OF THE PROTECTIVE 
MECHANISM. 


BY f 

K. V. GIRI, 

AND ' 

K. L. SHOURIE. 

{Nutrition Research Laboratories, 1. R. F. A., Goonoor, S. India.) 

[Received for publication, September 30, 1939.] 

Although vitamin C is rapidly oxidized in vitro, it is relatively stable in animal 
tissues. Metallic catalysts like Cu" are present in tissues and body-fluids in such 
concentrations that without a protective mechanism the vitamin could never exist 
in them. It was first suggested by Green (1933) that living tissues possess some 
anti- oxidative mechanism. Later, de Caro (1934) and de Caro and Giani (1934) 
showed that most animal tissues contain a protective mechanism against the 
oxidation of vitamin C. The nature of the protective mechanism is, however, little 
understood. De Caro and Giani ( loc . cit.) suggested that glutathione was the 
substance which caused stabilization of ascorbic acid in tissues. According to 
Mawson (1935), the protective action exerted by rat-tissue extracts could not wholly 
be explained by the presence of glutathione, cysteine, cystine, or hydrogen sulphide. 
He found it impossible to decide upon the nature of the protective mechanism, but 
his results show that in the fresh extract the protective action is due to several 
substances, some of which can be removed by dialysis and some precipitated by 
mercuric acetate or trichloracetic acid or by boiling. But it was found that the 
protective mechanism was not altered much by such treatment. Later, Giri (1938, 
1939a) established a relationship between the catalytic oxidation of vitamin C and 
the activity of phosphatases. It was shown that the activity of tissue phosphatases 
was not influenced by vitamin-C-Cu" complex in the presence of protective 
substances, while the activity was inhibited by the complex in their absence 
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Oxidation of Vitamin C in Animal Tissues. 

Recently, Courtois and Manouvrier (1939a, 6) confirmed the findings of Giri that 
the activity of pliospliatases is inhibited by vitamin C when the latter is oxidized 
by Cu", and this effect was noticed in the hydrolysis of various phosphoric esters. 
If, on the other hand, the oxidation of vitamin 0 is prevented by some protective 
mechanism, the activity of the enzyme is not affected by the vitamin-C-Cu 
complex. Thus, it is clear that the protective mechanism possessed by animal 
tissues has important physiological functions. 

The present paper describes investigations on the protective action of 
tissues of scorbutic and normal guinea-pigs against the catalytic oxidation of 
vitamin C by Cu' ' and the nature of the protective mechanism. 

Experimental. 

Guinea-pigs were fed on a scurvy-producing diet B already described (Giri, 
19396), and on the same diet supplemented with 5 mg. of ascorbic acid per day. 
The first group developed scurvy, while animals on the supplemented diet 
remained free from the disease. 

Preparation oj tissue extracts . — The guinea-pigs were drowned after 3 to 5 weeks 
on the diets ; the liver, kidney, adrenal glands, and brain, were removed immediately 
after death and weighed. All the animals on the vitamin-C deficient diet had 
post-mortem signs of scurvy. The tissues were ground in a mortar with glass- 
powder, and extracted with 10 times the volume of phosphate buffer (M/15 pH 
7 - 2 to 7'3) and centrifuged, after being kept at room temperature for 1 to 2 hours. 
The clear extract thus obtained after centrifuging was used for the study of 
protective action. 

The protective action of the tissue extracts against the catalytic oxidation of' 
vitamin C by Cu ' ' , was determined by estimating the rate of oxidation of ascorbic 
acid (B.D.H.) in presence and absence of the tissue extracts. The reaction was 
carried out at 37°C. and at pH 6'8 to 7T. The composition of the reaction 
mixture was as follows : — 

20 ml. M/15 phosphate buffer. 

5 ml. of vitamin-C solution containing 5 mg. vitamin C. 

1 ml. of CuS0 4 5Ho 0 solution containing 0‘063 mg. Cu“. 
x ml. tissue extract. 

The total volume of the reaction mixture was adjusted to 50 ml. Aliquots 
were removed at known intervals of time, and immediately added to an equal volume 
of 10 per cent trichloracetic acid, and titrated with 2 : 6-dichloro-phenol-indophenol 
dye, which was standardized against synthetic ascorbic acid. 

The degree of protection exerted by the tissue extracts against the catalytic 
oxidation of vitamin C by Cu”, is expressed as follows 

Degree of protection = 100 X { 1 — of Zjtamin C destroyed in jho 

r ,, 7 t The amount of vitamin C destroyed in the 

presence of the extract. ) 

absence of the extract./ 

The experimental conditions are : 1 hour incubation at 37°C. ; the volume of 
tissue extract used == 1 ml. ; and the amount of added Cu' ' = 0'063 mg. 
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A. The protective action of tissue extracts of scorbutic and normal 

guinea-pigs. 

The results of the experiments on the rate of oxidation of vitamin C by G'u ‘ ‘ in 
the presence and absence of tissue extracts are shown in Table T and the degree 
of protection exerted by the tissue extracts is indicated in Table IT : — 


Table I. 


Protective action of tissue extracts against the, catalytic oxidation of vitamin 

G by Cu". 




Liver. 


Kidney. Adrenals. 


Bratn. 


Time in minutes : — 


Mg. vitamin C in the tolnl volume of the reaction 
mixture. 


30 00 


30 


00 0 


30 00 0 I 30 


00 


A . Normal guinea-pigs* 


1 (a) 

Vitamin C + Cu ** 

. . • • | 

5*0 

0*0 

1 

0*2 

g- o 

0*0 

0*2 

5*0 

i 

I 

i o*o 

* 

0-2 

i 

5*0 

i 

0-G | 

0*2 

(6) 

Vitamin C + Cu " 

+ 1 c.c. extract . . 

5*0 

2*0 

2-0 

1 

lfi-0 

3*0 

2*1 

5*0 

u 

3*8 

| 5-0 

0*0 1 
A* 4ki 

0-G 

(c) 

Vitamin C + Cu *’ 

+ 2 c.c. extract . . 

5*0 

4*2 

j 

3*4 

5*0 

3-8 

i I 

i 

3*4 

i 

i 

[ 

i " 

** 

i 

1 

1 G-0 

1 

■ 

i 

2*4 

i 

1*2 

i 

2 (a) 

tt >» 

»» • • i 

5*0 

I 

! 0*0 

I 

0*2 

5*0 

0*0 

1 

i : 

0-2 

| 

I G-0 j 

0*0 

0*2 

1 

1 1 

i 5-0 

! 

! 

0-0 j 0-2 

(b) 

tt tt 

tt • • 

5*0 

3-0 | 

! 

2*2 

5*0 

^2-G 

1*5 

G-0 

4*0 

1*8 

5*0 j 

2-0 

t 

i 

0*0 

(c) 

*f it 

tt * * 

5-0 

i 

1 

4-2 

3*0 

5*0 

3-0 

2*9 

•• 

.. 

•* 

i 

5*0 1 

2*G 

i 

■ 

! 

1*4 

t 

i 
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>* • • 

i,0 

i 

0-7 | 

0*2 

5-0 


■ • 

5*0 

r~ 

1*0 

! 

0*2 

! 

5*0 

! 

1 

| 0-7 

0*2 

(b) 

»» tt 

it • * 

5*0 

3-0 

3*1 

5-0 




3*8 

3*4 

5*0 

2*0 

0*5 

(•) 

*t 9* 

It • * 

5*0 

4-4 

3*8 

6-0 

4*4 

| 


L ! 

j 

5*0 

! 

1 

2*4 

■ 

i 
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Table I — concld. 


u 

a 

rO 

r* 

a 

d 

rt 

tp 

‘E 


Reaction mixture. 


Liver. 


Kidney. 


Adrenals. 


Brain. 


Mg. vitamin C in the total volume of the reaction 
mixture. 


c3 

o I 


i 




| ; 

| 

| 




•3 1 

o 

Time in minutes : — 

0 

30 

60 

0 

30 j GO 

0 1 30 

60 

0 

1 30 

1 

60 


A . Normal guinea-pigs — concld. 


i 

4 («) , 

Vitamin C + Cu” + 2 c.c. extract .. i 

5*0 

I 

0*6 

] i 

0*2 

5*0 

0-6 

i 

0-2 

f 

5*0 

0-6 

0*2 

5-0 

0*8 

0*2 

! 

(b) | 

»» it ** • • 

5*0 

3*0 

2-0 

5*0 

2*9 

1-7 

5*0 

4*2 

4*0 

5*0 

i 

2*0 

1*0 

(c) 

tt it ft * * I 

5*0 

i 

4*2 

3-0 

1 

5*0 

1 

3*8 

3-3 

i 

i 

i 

•• 

5*0 

1 

2-6 

, 

1-4 


B . Scorbutic guinea-pigs. 


1 (a) 

1 

1 

»* 

ft 

ft 

5*0 

0*3 

i 

| 6-2 

i 

) 

5*0 

1 

i 

0*6 

( 

| 0-2 

5*0 

0-4 

! 

0-3 

5*0 

0-4 

0*3 

(b) 

ft 

tt 

tt • * 

5*0 

4*1 

1 3*5 

i 

) 5*0 

3*8 

{ 

1*6 

5*0 

2*6 

1*6 

5*0 

2*0 

1*0 

(c) 

ft 

tf 

tt * * 

5*0 

4*8 

j 4-4 

5-0 

j 5*0 

4-4 ! 

t 

•• 

i 

5-0 | 

i 

3-4 

2*4 

: 

; 

2 (a) 

! „ 

ft 

ft • • 

i i 

5*0 

i 

! 0*4 

| 0*2 

; 5*0 

0*6 

1 

0*2 

l 

i 

5*0 

0-6 

i 

0*2 

5*0 


0*6 

(b) 

»» 

ft 

ft • « 

5*0 

4*4 

4-2 

5-0 

3*2 

i 

2*2 

5*0 

| 3*6 

3*0 

5*0 

1*8 

0*0 

(c) 

>t 

tt 

ft * • 

, 5*0 

i 5*0 

| 4*8 

i 

5-0 

i 

5*0 

3*8 

i 

l**i 

I i 


i 

5*0 

2*2 

| 

l 

1*0 

1 

' 

3 (a) 

i 

i 

i 

t» 

ft 

ft • • I 

i 

5*0 

0*6 

i ! 

1 ; 

0*6 

5*0 

0*6 

0*4 

5*0 

0*6 

0*2 

i 

5*0 

0*6 

0*4 

(b) 

: ft 

ft 

ft • • 

5*0 i 

4*4 | 

i 

3*8 

5*0 

3*4 

2*5 

5*0 

4*4 

4*0 

5*0 

1*6 

0*8 

(c) 

1 »» 

i 

ft 

tf ■ • 

5*0 

4*8 

3*6 

5*0 

4*4 

3*8 

•• : 

I 

• • : 

5*0 

2*2 

1*0 

4 (a) 

7> 

ft 

1 

ft * * 

5*0 

0*8 

0*2 

5*0 

0*6 1 

0*2 

i 

! 

| 5-0 

I 

0*6 

0*2 

5*0 | 

0*8 

>4 

(t) ; 

1 

f f 

ft 

tf • • 

5*0 

3*6 

2*8 

5*0 

i 

1 3*0 

2*1 

5-0 

4*0 

3*6 

5*0 

2*2 

0*8 

(C) 

ft 

i 

ft 

ft « • 

5*0 

4*4 

4*2 

i 5*0 

i 

1 

3*8 

3*4 


! 

1 • • 

t 

i 

5*0 

2*6 

i 

1*2 
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TaiiTjK II. 


The degree of protection exerted by tissue extracts against, the catalytic 
oxidation of vitamin G by Cu". 


1 

Guincft-pig 
number. 1 

Dronrx or 

rnoTi:cTio>\ 

Liver. ! 

i 

Kidney. 

Adrenal**. 

Drain. 


A* Normal guinea-pigs. 


1 

m 

‘JO 

75 

8*3 

2 i 

1 

r> 5 

i 

28 

i 33 

8*3 

i 

3 

60 

r> S 

1 07 

0*3 

4 

38 

31 

70 

10-0 


B . Scorbutic guinea-pigs. 


1 

70 

1 

30 

30 

15*0 

2 

83 

42 

08 

0-0 

• 3 

t 75 

40 

80 

8*7 

4 

j 55 

40 

07 

1 

8*7 


The results presented in Tables I and II show that all the tissues — liver, kidney, 
adrenals, and brain — possess the protective action against the catalytic oxidation 
of vitamin C by C*\ The degree of protection exerted by brain is significantly 
lower than that of other tissues. Further, the results show that there are no 
significant differences between the protective action of tissue extracts of scorbutic 
and normal guinea-pigs. 

B. The nature of the protective substances. 

1. The effect of dialysis of liver extract on the protective action against the 
catalytic oxidation of vitamin C by Cu". — The aqueous extract was prepared as 
described previously from the liver of a guinea-pig fed on the scurvy-producing 
diet supplemented with 5 mg. of vitamin C per day. 

Fifty ml. of the extract were dialysed in collodion bags for three days, with 
the addition of toluene. After dialysis, it was centrifuged. The clear extract 
was made up to 100 ml. and designated Ext. A. The precipitate obtained after 
centrifuging the dialysed extract was dispersed in 100 ml. water and this extract 
was designated as Ext. B. 

Another 50-ml. sample of the liver extract was diluted to 100 ml (Ext Cl 
and used without dialysis. 1 
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The protective action of the three liver extracts was determined, and the 
results are presented in Graph 1. 


Graph 1. 



Effect of dialysis on the protective action of liver extract against the catalytic oxidation of vitamin 
C by Cu*'. 

Ext. A (4 ml.) dialysed and centrifuged. 

„ B = „ aqueous suspension of the precipitate after dialysis. 

„ C — „ undialysed. 


It may be seen from the figure that dialysed liver extract (Ext. A) after 
the suspended precipitate is removed by centrifugation, is devoid of protective 


Vitamin C in milligrams. 
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properties, while the suspended precipitate (Ext. B) obtained after centrifuging 
the dialysed extract retains in full the protective action of the original extract 
(Ext. C). It is clear, therefore, that the protective action of liver extracts is 
mainly confined to the undialysablo and colloidal constituents of the liver. 



O 10 20 30 40 50 60 

Time in minutes. 

Variation in the protective action of liver extract on keeping at 37°C. 


. 2 - 'Variation 'in the protective action of liver extract on keeping .— The protective 
action of theextract was determined at stated intervals of time. The extract was 
J, ME 
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kept in an incubator at 37°C., with the addition of toluene. The results are 
presented in Graph 2. 

The curves in Graph 2 indicate that the protective action of the extract 
decreases gradually on keeping. 

: Similar results were obtained when the aqueous extract of the precipitate 

(Ext. B) obtained after centrifuging the dialysed liver extract was kept at 37 C. 
After 4 days there was a considerable decrease in the protective action. 

3. The protective action of acetone extracts oj liver. — Sixteen grammes of the 
liver of a guinea-pig fed on a vitamin-C deficient diet plus a daily supplement 
of 5 mg. vitamin C were extracted with 80 ml. of acetone and kept over-night 
in an ice-chest. After filtration the acetone was removed by evaporation on a 
water-bath. The residue was taken up in 50 ml. of water, and the protective action 
of the aqueous extract determined. The results presented in Table III show that 
the residual material from the acetone extract possesses very feeble protective 
action, compared with that of the aqueous extracts of liver. Thus, the protective 
substances are extracted by acetone in negligible amounts. 

Table III. 


Protective action oj the acetone extract oj liver. 



Mg. vitamin C in the total 
| volume of the reaction mixture, 

, Time in minutes. 

0 

i 

i 

30 

GO 

1 

( 

1 

1. Vitamin G + Cu** , . . . 

) 

i 

i 

5*0 

0*8 

i 

i 

0*4 

2. Vitamin C -I- Cu” + 1 ml. of extract . . 

5*0 

1*0 

0*4 

3. Vitamin C + CV +2 ml. of extract . , 

5*0 

1*0 

0*0 


Discussion. 

The experiments described show that all the tissues examined possess the 
protective mechanism against the catalytic oxidation of vitamin 0 by GV\ The 
degree of protection exerted by the brain extract was found to be much less than 
that of the adrenals, liver, and kidney. No significant differences were noticed 
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between the protective action of tlie phosphate-buffer extracts of the tissues of 
normal and scorbutic guinea-pigs. Thus, the protective mechanism of the tissues 
is not altered by the onset of scurvy. This finding is of physiological interest, as 
the existence of such a protective mechanism in the tissues of the scorbutic animals 
is essential for effecting the cure of scurvy by vitamin C. 

Further analysis of the tissues of guinea-pigs has shown that the protective 
mechanism is mainly confined to the colloidal and undialysable constituents of 
the tissue extracts. On dialysing and centrifuging the phosphate-buffer extracts 
of the liver, the protective substances can be removed completely, leaving 
behind a clear aqueous solution, which retains the soluble enzymes. This 
method of separation may be useful for obtaining an enzyme extract free from 
protective substances for use in investigations on the influence of vitamin C on 
enzyme systems in the absence of such protective mechanism. The precipitate 
obtained on centrifuging the dialysed extract of liver retains all the protective 
substances originally present in the extract. Thus, it is clear that the protec- 
tive mechanism is mostly confined to the colloidal aggregates of the extract. 
In a previous communication (Giri, 1939a) it was found that the aqueous 
extracts of tissues obtained after dialysing and centrifuging to remove the 
suspended impurities did not exert protective action. The suspended impurities 
which were removed after dialysis retain all the protective mechanism and 
their removal leaves a clear aqueous extract free from the protective substances. 
The present findings are therefore in conformity with the observations made 
in the previous investigation (Giri, 1939a, b) on the interaction of vitamin C 
and tissue phosphatases. 

Little is known regarding the' chemical nature of the protective mechanism. 
On keeping the aqueous extracts of liver at 37°C. the protective action gradually 
diminishes. It is possible that the protective substances are destroyed either by 
enzymic action or by some other chemical change taking place on autolysis. Very 
little of the protective substances could be extracted with acetone. Further work 
on the chemical nature of the protective substances is in progress. 


Summary. 

1. The protective action of tissues of scorbutic and normal guinea-pigs against 
the oxidation of vitamin C has been investigated. 

2. Liver, kidney, and adrenals, possess the protective mechanism to approxi- 
mately the same extent, brain extracts being less effective. No significant 
differences were noticed between the protective action of the tissues of scorbutic 
and normal guinea-pigs. 

3. The protective mechanism is mainly confined to the undialysable and 
colloidal constituents of tissue extracts. A method for the separation of the 
protective substances from the soluble enzymes has been evolved, which may be of 
use in investigating the influence of vitamin C on enzymes in the absence of the 

protective mechanism. The protective action of the extracts gradually diminished 
on keeping. 
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In 1937, Rotter showed that intracutaneous injections of 2 : G-dichlor-phenol- 
indophenol into soles of guinea-pigs were decolorized by the tissues at a rate depending 
upon their vitamin-C contents. He obtained similar results in human subjects 
on vitamin-C rich and vitamin-C free diets and established that in ‘ saturated 5 
cases the dye disappeared in less than 5>minutes, in normal cases in 5 to 10 minutes 
and in deficient cases in more than 10 minutes. Later, Portnoy and Wilkinson 
(1938) performed this test in 103 patients estimating at the same time the vitamin-C 
content of their blood and confirmed Rotter’s findings that a prolonged decoloriza- 
tion time apparently parallels a deficiency of vitamin C. They concluded that 
although the intradermal test is not a direct measure of the vitamin-C content of the 
tissues since other reducing substances present in them, such as glutathione, will 
also cause a reduction of the dye, it is a useful and rapid clinical test for vitamin-C 
' subnutrition ’ and worthy of further study. When Portnoy and Wilkinson’s 
work was published we were already working on the vitamin-C content of blood in 
health and disease. The simplicity of the intradermal test attracted us and we 
decided to introduce this test along with the blood estimation. A few months 

( 695 ) 
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later Poncher and Stubenrauch (1938) in America published the result of tlieir 
experience with the test in 41 cases and came to the conclusion that the intradermal 
test could not be relied on to give satisfactory clinical information about vitamin-C 
deficiency. The contradictory report of the American workers made us examine 
a much larger number of cases in order to ascertain its value. So far we have 
examined 140 students of the K. E. Medical College (ages between 19 and 21 years) 
belonging generally to the middle and upper middle classes and 200 in-patients 
suffering from various diseases in the Mayo Hospital, Lahore. 


Experimental. 

A 40-mg. per cent solution of 2 : 6-dichlor-phenol-indophenol used for 
intradermal dye test was prepared as follows : Hundred mg. of Merck’s dye were 
dissolved in 100 mil. of water, filtered, and autoclaved. This was standardized by 
removing an aliquot portion of it with a sterilized pipette against a standard 
solution of vitamin C which in turn was freshly standardized against standard 
iodine solution. The standardized dye was diluted with sterilized water to make 
up 40 mg. per 100 mil. of the solution. The dye solution was freshly prepared 
every day from the stock solution (0-1 per cent) which in turn was titrated against 
freshly-prepared standardized vitamin C on every fourth day. Fresh stock dye 
solution was prepared every week. 

A micro-syringe with which we could measure exactly 0-01 mil. of the dye 
with the help of a micrometer attachment was constructed by us but it was not 
only inconvenient to use in routine work but the resistance offered by the cutaneous 
tissue during the injection interfered greatly with the accuracy of this method. 
We preferred to produce instead a uniform epithelial wheal of the dye measuring 
2 Trvm. as described by Portnoy and Wilkinson (foe. tit.). The site chosen was 
the front of the forearm which is devoid of hair and superficial veins. Four 
wheals were produced and the average time of their complete disappearance was 
determined. In a few of the cases the intradermal test was repeated on the 
same individual on three or four consecutive days and was found not to vary 
significantly. It is apparent, therefore, that there was no appreciate technical 
error in the performance of the test. 

The vitamin-C content of the blood plasma was determined by titrating the 
protein-free plasma as follows : Two mil. of oxalated plasma taken in a centrifuge 
tube to which 4 mil. of 5 per cent freshly-prepared meta-phosphoric acid was 
added and centrifuged or filtered. Three mil. aliquot (1 mil. of plasma) of the 
filtrate was titrated immediately against freshly-standardized 0-002 per cent dye 
to a standard colour produced by the addition of 1 mil. of 6-5 per cent cobaltous 
chloride (COG'taG^O) and 0-15 roil, of 6-5 per cent copper sulphate (CTJS0 4 5H20) 
to 15 mil. of distilled water. A blank titration with 2 mil. of 5 per cent meta- 
phosphoric acid and 1 mil. of water performed and brought to a pink coloration as 
described above. The titration value of the blank was deducted from the titration 
value of the unknown. All precautions were taken not to expose the plasma or the 
filtrate much to the air and the whole procedure was finished within one to one and 
a half hours. . All glass distilled water was used throughout in order to avoid traces 
of copper which may act as catalyst. 
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In some of the samples of blood potassium eynnido was added before 
separating the plasma to inhibit the slow inactivation of vitamin 0 as suggested 
by Pijoan el al, (1937) but this procedure was abandoned as no difference was 
noted by its use. 

Results and discussion. 

Students . — The average vitamin-C content of the blood plasma and the 
decolorization time with mean standard deviation in 140 determinations on 
students were 1- 19 ±0-3 mg. per 100 mil. of blood plasma and 8 2 ±4-2 minutes 
respectively. A statistical summary is given in Table I : — 


Table 1. 


Vitamin-C level in blood 
plasma, nip, per cent. 

I 

Pecoloiuzation time IX 
MTXTTTES. 

| More 
j than 15. 

Total 
number 
of eases. 

Percentape. 

Less than 
ru 

5 to less 
than 10. 

10 to less 
than 15. 

- 

1 

Less than 0*8 . . 


i 6 

I 

7 

7 

20 

14*3 


i 

j 



! 1 


0*8 to less than 1*5 

18 

27 

20 

7 

| 81 

1 I 

57*8 

1*5 and more 

28 1 

1 

f) 

1 

j 

5 

i 

| 


1 1 

1 ! 

27*0 

i 

Total number of cases .. : 

i 

l 

i 

•10 i 

i 

i 

an 

41 

i 

14 

t 

,,, i 

•• 

1 

Percentage .. j 

32*8 i 

i 

1 

i 

t | 

1 

27*0 

1 

( i 

1 i 

i ■■ i 

20\'{ 

10*0 


*• 


Table I suggests that with low vitamin-C content the time taken for decoloma- 
tion is large and vice versa. In order to test the significance of this fact statistically 
the expected frequencies for all the cells in the table were calculated and none was 
found to be very low. The value X 2 for this table was found to be 59-5. This value 
when referred to Fisher’s tables for 6 degrees of freedom establishes a significant 
degree of association between the two variables. It is, therefore, statistically 
established that the decolorization time is not independent of the vitamin-C level and 
that the two are inversely related. A coefficient of correlation has been calculated 


Time in minutes 
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. for all the 140 healthy students treated as one sample and the value obtained 
j s —0-6522, which is about 7 -8 times of its standard error of l/«j/ 140-1 =' 0-084. It 

Graph 1. 

Students. 





is concluded, therefore, that there is some degree of correlation -between the two 
characters. But it is quite clear from the scatter diagram in Graph 1 that the 



1. ltokhsh, fc. D. ttoclihar and A. Q. Malik. 


609 


degree of correlation is not sufficiently high to make the test of any use in clinical 
practice. For instance a blood level of 1*30 mg. to 1*35 mg. per cent has a 
decolorization time of 3*4, 3*5, 3'6, 3*7, 4*1, 4'2, 5*0, G’G, 7'0, 74, 8'G, 107, 11*0, 
and 15-3 minutes. 

Table I shows that out of M0 apparently healthy students only 20, i.e., 13-G 
per cent, gave figures for vitamin-C content of the blood below 08 mg. 100 mil. 
and are classed as sub-optimum (King, 1938). 

In-palicnts . — The average vitamin-C content of the blood plasma in 200 
determinations on in-patients was 0-88 ± 0-20 mg. per cent with 9-1 ± 3-G 
minutes as average decolorization time. The degree of correlation between the 
decolorization time and the vitamin-C level in the blood plasma is represented 
in Table II : — 


Table II. 


Vitamin-C level in blood 
plasma, mg. per cent. 

Dkcolokization time in minutes. 

Total 
number 
of cases. 

Percentage* 

Less than 
5. 



More 
than 15. 

! 

Less than 0*8 

! o 

4a 

1 

32 

i 

19 

7 

60 

30 

0*8 to less than 1*5 

12 I 

91 

28 

i 

7 

138 

69 

1*5 and more 

i 


1 

i 

•• 

2 

1 

Total number of cases 

14 

124 

48 

14 

200 

• * 

Percentage . . 

7 

62 

24 

i 

i 

7 

# # 

• » 

- 








Table II suggests that the vitamin-C content is not so much inversely related 
to the decolorization time as was in the case of students. The value X 2 for this 
table was 8-34. This value when referred to Fisher’s table for 6 degrees of freedom 
gives a probability figure of 0-19 showing that the difference between the proportion 
of cases m each cell of this table might have arisen by chance and we can draw 
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from these no tentative conclusions. The value of coefficient of correlation for 
these 200 cases is —0-6111 which establishes a significant degree of correlation but 


Graph 2, 

In-patients. 



not so much as to establish the intradermal test as a measure of vitamin-C level 
in blood. Graph 2 proves this statement. 
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Table III gives a summary of results of vitamin-0 level in blood plasma of 200 
in-patients suffering from diseases mentioned therein : — 


Tablr III. 


Disease. 

Number 
of cases. 

Average 
vitamin 0 
in blood, mg. 
per cent. 



Average 
decolorization 
tune in 
minutes. 

1. 

Pneumonia 

14 

0-76 ± 0-17 

7-9 ± 1-9 

2, 

Muscular dystrophy 

f> 

0-97 ± 0-13 

13-4 ±4-7 

3. 

Diarrhoea and dysentery 

f> 

0*70 rfc 0*24 

9-0 ± 4-0 

4. 

Gastric and intestinal diseases 

i) 

1-03 ± 0*19 

9*0 ± 3*9 

O. 

Heart failure 

9 

0*93 ± 0*22 

8*3 ± 2-7 

G. 

Bronchitis 

\ 

1J 

0*80 ± 0*19 

7-8 ± 4-1 

7. 

Nervous diseases 

! 8 

0*S7 ± 0*19 

' s-r, ± 2-4 

S. 

Tuberculosis 

j 

1 00 

} 

1*05 ± 0*25 

9-85 ± 4-3 

0. 

Miscellaneous 

1 

79 

0*72 ± 0*23 

8-2 ± 2-8 


Totals 

| 200 

i 

\ 

i 

1 0*88 ± 0*20 

1 

9*1 ± 3*0 


A study of Table III confirms the findings of previous workers that vitamin-C 
content of the blood plasma is deficient in various infections, the only contradictory 
figures are those of the tuberculous patients but this may be due to the better 
appreciation of the value of vitamin C in tuberculosis and consequently an increased 
intake of this vitamin. 

A comparison of Tables I and II shows that in the case of in-patients the 
decolorization time does not bear the same relation to vitamin-C content of the 
blood plasma as in the case of students. In the former case the vitamin-C content 
was mostly either on the lower limit of normal or in the sub-optimum level and 
the decolorization time was mostly between 5 and 10 minutes (62 per cent of the 
total cases), whereas in the case of students with the same level of vitamin C the 
decolorization time was equally distributed, i.e., 32-8 per cent in less than 5 minutes, 
27-8 per cent in 5 to 10 minutes, and 29'3 per cent in 10 to 15 minutes. This 
wide variation in the decolorization time of healthy and diseased subjects when 
the vitamin-C content of the blood is equal is difficult to explain. 

In the case of students suffering from pyorrhoea, chronic tonsillitis, and 
defective vision, blood vitamin-C values did not differ significantly from those of 
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the healthy students (Table IV). A number of cases of pyorrhoea in the' hospital 
were also tested for vitamin-C subnutrition but the low figures in the hospital cases 
(Table Y) might be due to the other co-existing diseases such as pneumonia, 
bronchitis, diarrhoea, etc. Further work on the relation of pyorrhoea to vitamin-C 
subnutrition is in progress. 

Table IV. 


Showing vitamin-C content of blood with decolorization in students with 
pyorrhoea, tonsillitis, and defective vision. 



Number of 
students. 

i 

Average 
vitamin C | 
in blood, mg, 
per cent. 

1 

Significance, 

difference. 

Average 
decolorization 
time in 
minutes. 

Significance, 

difference. 

Totals: — ] 

140 

1*19 

0*30 

8*2 

i 4-2 

Pyorrhoea . . 

19 

1*14 

0*27 

9*8 

3-4 

Chronic tonsillitis 

11 

1*30 

0*25 

10*2 

j 

2*7 

Defective vision 

18 

1*14 

j 

0*42 

11*3 

3*6 


This table shows no significant difference. Therefore no correlation was found 
in medical students between the vitamin-C content of the blood in normal subjects 
and in those with pyorrhoea, chronic tonsillitis, and defective vision. 


Table V. 


Showing comparative vitamin-C content oj blood with decolorization 
time in pyorrhoea cases. 


i 

Number 
of cases. 

j 

Average 
vitamin C 
in blood, mg. 
per cent. 

Average 
decolorization 
timo in 
minutes. 

Pyorrhcea in student 

19 

1-14 ± 0-27 

1 9*8 ± 3*4 

Pyorrhoea in healthy but poorty- 
paid people. 

j 15 

0-95 ± 0-25 

9*8 ± 2*6 

Pyorrhcea in patients 

27 

j 0-69 ± 0-23 

7*4 ± 2*5 
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Summary. 

1. The intradermal vilanlin-C test was performed in 140 apparently healthy 
students and 200 patients. 

2. Rotter’s finding that the vitamin-C content of the tissues is comparable 
to the decolorization time in guinea-pigs is in our experience not true for human 
beings in health and disease. 

3. In our present state of knowledge we possess no reliable test for estimating 
vitamin-C level in human subjects except the determination of the vitamin-C 
content of the plasma. 

4. Sub-optimum values of vitamin-C content of the plasma is not common 
among otherwise healthy college students. 

5. Our findings agree with other workers that various infections cause some 
deficiency of vitamin C in the body, thus necessitating increased intake of this 
vitamin. 
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Introduction. 


Lesions of the eyes, skin, and mouth have been widely used in recent years in 
India, Ceylon, and other tropical countries, for the assessment of malnutrition. 

Bitot (1863) observed white spots in the conjunctiva of a number of orphans 
admitted for night-blindness to a Foundling Hospital in Bordeaux, these have since 
been called Bitot’s spots. He stated that the spots were invariably associated 
with night-blindness ; but this association has not occurred in the majority of our 
cases. 

Both these eye changes are now lenown to be due to a deficiency oi 
vitamin A. 

Aykroyd (1930) studied seasonal outbreaks of night-blindness amoim fisher- 
men in Newfoundland and Labrador. & 


Xerophthalmia and keratomalacia had frequently been recorded among mal- 
nourished children long before animal experiments showed that they were due to 
vitamin-A deficiency. In recent years these lesions of the eye have been shown to 
be common among the poorer classes in China (Pillat, 1929), in India fWriVlif ion \ 
and in Ceylon (Nicholls, 1933). ^ b ’ 6i) ' 


Pillat ( loc . cit.) was the first to describe skin changes in adult Chinese suffering 
from xerophthalmia. Lowenthal (1933a, b ) and Nicholls (1933) described simiUr 
skin lesions among prisoners in Uganda and Ceylon. The latter also observed 
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that keratomalacia, neuritis, and persistent diarrhoea, often accompanied them 
and accepted vitamin-A deficiency as the cause of the papular eruption which he 
named ‘ phrynoderma 

"Nicholls (1934) showed the high incidence of sore-mouth among malnourished 
children and pointed out the inspectional value of sore-mouth and phrynoderma 
in assessing the state of nutrition of children (Kicholls, 1934, 1935). 

Aykroyd and Krishnan (1936) described these conditions among South Indian 
school children who were receiving milled parboiled rice, a little dhal or gram, few 
vegetables with little or no meat or milk. They showed that cod-liver oil had no 
effect on sore-mouth but that 1 oz. dried brewer’s yeast given daily cured it in less 
than 4 weeks, while 11 oz. dried skim milk was equally effective. In a further paper 
they suggested that the anti-stomatitis vitamin was the same .as the pellagra-preven- 
tive factor of vitamin B 2 (Aykroyd and Krishnan, 1937). 

' Landor (1939) has shown that, while dried autoclaved yeast is effective, 
nicotinic acid is not, in the treatment of sore-mouth. 

The survey oe a hostel for indigent children. 

There were 104 girls in the hostel in question, and the incidence of signs of 
dietary deficiencies was very high among them. Their daily diet consisted of 
polished parboiled rice, a little meat or fish, a vegetable, bread, and tea with a , 
little sweetened condensed milk. Dhal or gram was given two or three times a 
week. Table I gives the incidence of the various signs : — 


Table I, 


Clinical sign, 

j 

Number. 

Percentage. 

1 

Dry skin , . . . 

68 

65*4 

Phrynoderma , . . . j 

33 | 

31*7 

Angular stomatitis 

39 

37*5 

Erosin of tongue 

15 

14*4 

Xerophthalmia 

20 

19*2 

Bitot's spots • „ . . 

1 

6 

! 

6*8 

Marked anaemia 

15 

1 

1 

14'4 
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Of the 10'1 children examined 25 showed one clinical sign, 22 showed two, 
21 showed three, while 15 showed four or more than four clinical signs. There 
were no signs in 21 children. 


Experimental treatment. 


Twenty -five children showing, among other signs, phrynodemia and sore-mouth, 
were selected and divided into five groups. One group was kept as a control, and 
others were treated with Ilaliverol, gingelly seeds, and yeast extract, or combina- 
tions of these. The children were examined weekly. 

Group I . — These children were given capsules of Halivcrol one daily, and from 
the 24th day of the experiment they were also given a drachm of a liquid extract 
of yeast twice a day. Eacli capsule of halibut-liver oil contained 9,400 I.U. 
vitamin A and 1,700 I.U. vitamin D. 

Group II . — These children were given slabs of a preparation of gingelly seeds 
and jaggery. This was tried because certain unsaturated fatty acids are known 
to be essential for healthy skins in rats. The fats of the ordinary diets of these 
children were supplied mainly by coco-nut oil which is very deficient in. unsaturated 
fatty acids. Gingelly seeds are rich in linoleic acid (Hoover, 1939) and were given 
to test the effect of this * essential ’ fatty acid on the skin lesions. The two slabs 
which were’given daily contained 1 g. linoleic acid and 0‘4 g. calcium (gingelly seeds 
contain some carotene). These children were also given extract of yeast from the 
,24tli day. 

Group III . — Children of this group were given both Ilaliverol and the gingelly 
preparation. 

Group) IY . — These children were given an extract of yeast, a teaspoonful twice 
a day. It was prepared in the manner given below. 

Group V . — These children were kept as a control group. 

The diet of the whole institution was unaltered during the period of the 
experiment. 

Preparation of yeast extract. 


Half a litre of rectified spirit was poured on 2 lb. of broken up yeast cake, and 
this was thoroughly stirred and allowed to stand for 24 hours and the alcohol 
removed by centrifuging. Three hundred c.c. of alcohol were stirred into the 
deposit and centrifuged off after six hours. 


The yeast was similarly treated with 500 c.c. and 300 c.c. of water. The 
combined alcohol and water extract was evaporated down to 800 c.c. 

Glycerine, benzoic acid, and oleum anisi, were added to this concentrated 
extract in accordance with the following formula : — 


Concentrated yeast extract 
Glycerine 
Benzoic acid 
Oleum anisi 


800 c.c. 
40 c.c. 


J, MR 


7 
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The dose was one teaspoonful twice a day. This preparation proved to he a 
convenient form for giving yeast, the added ingredients preserved it from decom- 
position and the children found it palatable. 


Results. 

Group I . — The skin and eye lesions of all five children of this group responded 
quickly to the Haliverol treatment. The plirynoderma was markedly less hy the 
24th day. There was no effect on the signs of sore-mouth hy the 24th day ; they 
were then given the preparation of yeast, and the sore-mouths quickly responded 
and had completely cleared hy the 42nd day. Table II gives the results : — 


Table II. 


Clinical sign. 


Dry skin 


No. 1 

7 YEARS. 


Phrynodcrma . . I + 


m 


Eroded tongue . . 
Xerophthalmia 


+ 


Angular stoma- | -j- 
tit-is. 


Bitot’s spots . , | -f 


8* 

© 


& 

4 


CM 


im 

+ 

+ 


Ot 

x 


£ 

d 

d 

P 

CM 


No. 2 
9 YEARS. 


& 

X 

CD 


CD 


X 


£ 

d 


+ 

+ 

+ 

+ 


+ 

+ 


CD 

P< 

M 

«D 


£ 

d 

d 

d 

CM 

d 


No. 3 
11 YEARS. 


B* 

o 

s 

<2 

CD 

PP 


a 

CD 


B* 

<D 


c3 

d 


CM 


CD 

8* 

CD 


£ 

d 

d 

d 

CM 


+ 


+ 


+ 


+ 


+ 


No. 4 
14 YEARS. 


Ph 

M 


w 


& 

CD 

U-4 

O 

£ 

d 


TfH 

CM 


M 


£ 

d 

d 

a 

CM 

d 


+ 


+ 


+ 


+ 


vl 


+ 


+ 


No. 5 
15 YEARS. 


+ 

+ 

4* 

4- 


im = some improvement, 
vl = very little left. 


B* 

CD 

O 

5* 

d 


CM 


im 

+ 

+ 


Grouj) II. The dry skins of these children taking gingellv seeds improved 
in four cases out of five ; but the phry noderma did not improve ; and although 
there was some improvement in one case out of three in xerophthalmia, it must he 


42 nd day of experiment. 
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concluded that neither xerophthalmia, nor phrynoderma are affected by linolcio 
acid. The mouth signs improved as soon as the extract of yeast was given. 
Tabic III gives the results : — 

Tablb III. 


No. C 
7 tuabs. 


Clinical sign. 


X 

o 




Dry skin 


Plirynoderma . . 


+ 


+ 


Angular stoma- « + 
titis. 

i 

Eroded tongue ( + 


Xerophthalmia 
Bitot’s spots . 


c 

o 

E 

tZ 

a 

X 

o 

tw 

O 

& 




+ 

+ 

+ 

+ 


e 

o 


a 

X 

o 




c 

fM 


No. 7 
9 YEARS. 


P< 

X 

o 

o 




+ 

vl 

+ 

+ 


+ 

+ 

+ 

+ 

+ 


E 

O 

E 

o 

O-i. 

x 

C; 


S 1 


o 

o< 

X 

o 


ci 

rs 

n 

c 


+ 

+ 

+ 

+ 


vl 


+ 


+ 


No. 8 

31 Y11AK8. 


Cj 

PU 

X 

o 

o 


+ 

+ 

+ 


*n 

o 

X 

o 


+ 

+ 

+ 


o 

Cm 

X 

O 


e* 

C 

Cl 


+ 

vl 


No. 0 
8 YEARS. 


o 

& 

X 

o 

o 


+ 

+ 


— I + 


&. 

X 

o 


c 

o 

,§ 

o 

Cm 

X 

o 


S* 

■a 


c 


+ 

+ 

+ 


+ 


No. 10 
3.7 yi:aks. 


O 

& 

X 

a 

o 

>•> 

c3 


<2 1 ^ 
o p 

P Cl 


+ 


+ 


+ — 


+ ! + 


+ 


+ 


+ 

+ 


vl = very little left. 


Group III . — -The shin and eye lesions of these children on Haliverol and gingelly 
seeds healed rapidly. The sore-mouth was uninfluenced by the treatment and, 
after 42 days, four out of the five were still suffering from it. These children were 
not given yeast extract. 

Group IV . — The dry skin and phrynoderma of all five children of this group 
remained unchanged at the end of 42 days’ treatment with yeast extract. The 
sore-mouths of all five healed within three weeks. Three children of this group 
were affected _ with xerophthalmia, and at the end of the experiment there was 
improvement in one case. 


Group V . — These children were kept as a control, 
more or less the same at the end of the experiment. 


Their condition remained 


42nd day of experiment. 



710 Treatment of Eye, Skin, & Mouth Lesions Due to Vitamin Deficiencies- 

Nicotinic acid. 

Swaminathan (1938) estimated the amount of nicotinic acid in foodstuffs. 
His estimates were approximately 60 mg. per cent for dried brewer’s yeast and 10-9 
mg. per cent for skimmed milk powder. From these determinations the amounts 
of nicotinic acid in the 1 oz. of yeast and the 1| oz. of skimmed milk powder which 
Aykroyd and Krishnan found' effective in curing ‘ sore-mouth ’ in children were 
roughly 16 mg. and 5 mg. daily, respectively. The amount of nicotinic acid in the 
yeast extracts we gave to the school children was less than 6 mg. daily. 

We tested the effect of nicotinic acid on prisoners with sore-mouth. Twenty 
prisoners were selected ; ten were given 90 mg. nicotinic acid daily and ten were 
used as controls. At the end of 15 days no improvement had taken place in the 
treated prisoners. In this period of time the sore-mouths of all the children who 
were given yeast extract had either cleared up or markedly improved. This lends 
some support to the conclusions of Landor. 

Katzenellenbogen (1939) found nicotinic acid in daily doses of 200 mg. effective 
in the treatment of glossitis in Palestine. These were probably early cases of pellagra 
but there is no evidence that the com m onest type of ‘ sore-mouth ’ of India, Malaya, 
and Ceylon, has the same setiology. 

Conclusions and summary. 

Dry skin and phrynoderma responded to treatment with vitamin A. Linoleic 
acid had no curative effective on phrynoderma. Sore-mouth (angular stomatitis 
and erosion of tongue) responded to treatment with extract of yeast, but nicotinic 
acid had no effect. 
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Introduction. 

The preparation of fisli-liver oils for medicinal purposes from Indian fish 
has not received sufficient attention. "With an extensive sea surrounding the three 
sides of the vast peninsula, India has a large and inexhaustible source of marine 
fish. In addition, such large rivers as the Ganges, the Brahmaputra, the Indus, 
the Godaveri, the Kistna, and the Cauvery, contain a large amount of fresh-water 
fish. Though some of these fish are commonly consumed, there are several varieties 
which axe not popular for edible purposes. At present fish oils aTe prepared in India 
mainly for use as fat and lubricants. The nutritional values of the Indian fish oils, 
particularly as sources of vitamins A and D, have not been adequately studied. 
It is well known that the vitamin reserve of fish shows a remarkable species variation 
and considerable fluctuation during season and growth. Chakravorty et ah (1933), 
Ghosh et al. (1933), Datta and Banerjee (1934), Ghosh and Gulia (1935), and Basil 
(1938) have examined the vitamin-A content of oils of some of the popular fish 
consumed in Bengal by tintometric and biological methods of assay. De et ah 
(1938) have determined the vitamin-A content of the oils of fish found in Madras 
by spectrophotometric methods. All the workers have observed that certain of 
the liver oils prepared were rich in vita mi n A. The vitamin-A content of the liver 
and deposit fats of 16 different species of fish have been determined, some marine 
and some fresh-water, in two different seasons by both spectrophotometric and 
tintometric methods of assay. 


Materials studied. 

Only those species of big fish which yielded an appreciable quantity of oil 
were chosen. . Since they were purchased from the local market a large number of 
species, particularly the marine ones, could not be obtained. Livers of shark 
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saw-fish, and bat-ray were supplied through the Fisheries Expert to the Govern- 
ment of Bengal and Directors of the Indian Trawling Company, Limited. They 
were obtained from fish caught in a trawl net at a depth of 20 to 30 fathoms in 
the Bay of Bengal. The standard Norwegian cod-liver oil and the halibut-liver 
oil were kindly supplied by the Bengal Immunity and Parke, Davis & Co., 
respectively. 

Experimental methods. 


The standard method recommended by the International Conference of Vitamin 
Standardization of the League of Nations’ Health Organization (1934) for the 
assay of vitamin A, is the spectrophotometric estimation of the intensity of absorp- 
tion band at 3280A by a 1 per cent solution of the vitamin concentrate— non- 
saponifiable portion of the oil — in cyclohexane in a 1 cm. cell. This extinction 
coefficient (E value) multiplied by a conversion factor equal to 1600 gives the 
vitamin-A content of the oil per gramme. The accuracy of this conversion factor 
has again been confirmed recently (Hume, 1939) by the sub-committee of Lister 
Institute and Medical Research Council. 


The apparatus that was used by us for the determination of the E value was the 
sector spectrophotometer supplied by Carl Zeiss. The spectrograph is a medium 

quartz instrument with a dispersion of 20A per mm. at 3200A. The photometric 
equipment consisted of a Hiifner prism to which can be attached two cells of any 
length from 1 mm. to 10 cm. The cells were made after the Scheibe pattern with 


detachable quartz windows. The rotating sector was graduated both in percentage 
ratio and density scales. The source of light was a high voltage condensed spark 
(12,000 volts, 10,000 cm. capacity) between electrodes of tungsten steel and brass, 
the spark-gap being 2 mm. to 3 mm. long. The high voltage was supplied by an oil- 
immersion transformer with an auto-transformer designed in these laboratories giv- 
ing an output of 15,000 volts at 50 amps. The air-cooled leaky coil-type of trans- 
former supplied by Carl Zeiss was found unsuitable for a moist climate prevailing in 
Calcutta for a major part of the year. Ilford Selochrome plates (H and D 1500) 
were used. The absorption spectra of the solutions of the oils and their concentrates 
in cyclohexane were photographed with suitable cells and concentrations (vide 
Morton, 1938 ; Twyman and Allsopp, 1934). The cyclohexane was freed from 
benzene by distillation after shaking with H2SO4. Twelve exposures of varying 
density from 0 - 3 to 1'4 or 50 to 4 per cent transmission were taken suitably 
increasing the time of exposure, in such a way that the time of exposure multiplied 
by the percentage of transmission was a constant, so that the comparison 
spectra were always photographed with equal intensity. The copper arc and 
the scale were photographed in each plate and the intense line of copper 

at 3274A helped considerably in measuring the extinction co-efficient at 3280A. 
The match-points were made visually and were found to be satisfactory. The 
extinction co-efficient was calculated for a 1 per cent solution and a 1 cm. cell. 
The collimation and arrangement of the apparatus enabled us to photograph the 
complete spectra in 2_minutes, the initial exposure being 2 seconds for 50 per cent 
transmission (0 - 3 density) and the longest 25 seconds for 4 per cent transmission 
(l - 4 density). Since the photographs were taken in such a short interval the loss 
of vitamin A due to irradiation would be negligible. 
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The vitamin- A content of all the oils was also determined by the well-known 
Carr-Price method, measuring the blue colour produced by addition of SbCls in 
chloroform using a Lovibond tintometer (Carr and Price, 1926 ; Coward el al., 
1931, 1932). 

Preparation of tiie oils. 

The oils were prepared by the following methods and their vitamin-A content 
determined spectropkotometrically : — 

(1) The livers were minced in a meat-mincer and mixed with dry sodium 

sulphate till they became a pasty mass. The whole mass was extracted 
with ether in a cool dim-lit laboratory in a closed bottle, vigorously 
shaking it for about half an hour. The extraction was repeated with 
fresh ether 3 or 4 times. The whole ether extract was collected and 
evaporated in a cool dark-room at room temperature, viz., 20°C. 
to 30°C. The oil was collected and stored in a coloured bottle in a 
frigidaire. Most of the ether from the ether extract from the above 
method was also reclaimed by distillation at 50°C. using a carbon- 
filament lamp. The temperature of the oil was never allowed to rise 
above 50°C. 

(2) The livers were cooked in a large volume of water for l to 1 hour and the 

oil that collected on the top was separated and dried over anhydrous 
sodium sulphate. 

(3) The livers were tied in a cloth and placed in an atmosphere of steam at 

100°C. for 15 minutes. The oil that separated out was collected and 
cooled to 0°C. 

(4) The livers were placed in an air-oven at 70°C. to 90°C. for 15 to 30 minutes 

and the oil separated through a funnel. 

(A) Roliit-liver oil. 


(1) Cold ether extracted and evaporated at 20°C. 

(2) Cold ether extracted and distilled at 50°C. 

(3) Heated to 70°C. for £ hour and ether extracted 

(4) Heated to 80°C. for \ hour in an air-oven 

(B) Saiv-fish-liver oil. 

(1) Cold ether extracted and evaporated at 20°C. . . 5 - 2 

(2) Cold ether extracted and distilled at 50°C. . . 5'0 

(3) Heated in an air-oven for hour at 80°C. . . 3'0 



(C) Shark-liver oil. 

(1) Cold ether extracted and evaporated at 20°C. 

(2) Heated in an air-oven for hour at 70°C. 

(3) Cooked in water for \ hour at 100°C. 

(4) Steam autoclaved for J hour at 100°C. 


0-75 

0-48 

0-51 

0-20 


• • 
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In most of the cases the livers were not large and the oil could be collected 
only by ether extraction. From the above results, it can be found that the cold 
ether extracted oils show the highest E value, and that the heat treatment of the 
livers decreases the E value considerably. In order to retain all the vitamin-A 
reserve of the liver in the oil, the oils were all prepared by cold ether extraction. 
In some cases the ether was distilled at low temperature. 

Results. 

(a) Vitamin-A content of the liver oils . — Table I gives the vitamin-A content 
of liver oils of different species, some of them prepared in two different seasons. 
The International Units per gramme given in column 8 were obtained from the 
1 0 / 

E value using the conversion factor 1600 : — 

Table I. 


Vitamin-A content of liver oils. 


Pate of 
catch. 

Local 
name of 
the fish. 

Zoological name. 

1 Occurrence 
of the fish. 

Oil per 
i liver in 
i e.c. 

Colour of 
the oil. 

C.-P. 

blue 

units. 

Int. units per 
gramme. 

C.-P. value. 

E value. 

Norwegian 

Cod 

Gadus callarius 

Marine 


Light yellow 

9 

800 

18 

Parke Davis 

Halibut 

Hippoglostis vulgar us 



Yellow 

1,000 

48,000 

33 

24-2-39 

xVrh 

Myslus macronus 

Fresh -water 

3 

99 

800 

44,800 

29 

24-2-39 1 

Dhain 

Silonia siluroid 

99 

2*5 

Light brown j 

i 

700 

38,400 

29 

13-1-39 

Boal 

Walla go attu 

if 

4 

Brown 

440 

20,800 

33 

3-2-39 

>> 


99 

4 

99 

375 

19,200 

31 

25-2-39 

Shole 

Ohiocephahis stratus 

99 

5 ! 

Dark brown 

500 

20,000 

38 

5-12-38 

Shillang 

Silonia silompia 

1 

3 

99 

350 

22,400 

25 

10-1-39 

♦» 


99 

i 

3 1 

99 

200 

12,800 

25 

29-3-39 

Saw-fish 

Pristis species 

Marine 

800 

i 

Yellow 

, 160 

9,900 

26 

5-10-38 

Bhetki 

Lates calcifer 

Fresh-water 

1 

7 

Brown 

120 

7,300 

26 

18-1-39 

>» 

99 

a 

8 

99 

' 175 

8,600 

32 

5-1 0-3 S 

ilrigal 

CirrJiina mrigala 

a 

3 

Yellow brown 

100 

5,100 

30 

27-1-39 

»> 


91 

10 

99 

120 

8,800 

22 

13-1-39 

Pangask 

Pangasius pangasius 

99 

, 4 

\ Brown 

130 

7,200 

30 


E value. 
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Table I — conoid . 


Date of 
catch. 

Local 
name of 
the fish. 

i 

1 

Zoological name. 

i 

Occurrence 
i of the fish. 

i 

! 

! Oil per j 
| liver in 
c.c. 

Colour of 
the oil. 

i 

c.-p. 

bluo 

units. 

w 

o 

tu 

a? , 

.t: o 

s s 

~ Q 

. rt 
u 

z to 

l 

6 

s 

d 

> 

% ^ 
d 

a 

22 

> 

C3 

1G-1-39 

i — — 

Kalbos 

Lfifrco fca?6asu 

Freshwater 

4 

Brown j 

130 

1 i 

! 7,200 : 

29 

22-9-38 

Shark 

Sedition ganrjarhts 

Marino 

200 

» 

90 

1 4,000 

31 

22-11-38 

n 

i ** 

ft 

100 

Red hrown 

80 

4,300 

; 30 

24-1 1-35 

ft 

: j 

[ tf 


20 

Light yellow 

30 

3,600 

30 

29-9-38 

Rohit 

I Labco rohitn 

Fresh -water 

' 10 

i Yellow 

25 

3,200 

12 

8-1-39 


! „ ; 

i 

i 

> 

10 

| Brown yellow 

25 

3,500 

1 1 

2 

5-10-38 

Katia 

Cflfla eafla 

i I 

i 

t> 

) 

3 

Brown 

15 

2,200 

1 

1° 

5-2-30 

* * 

>> 

! 

1 ” ! 

o 

i Light brown , 

1 

20 j 

r 

2,400 

1° 

11-10-38 

Uwh 

; Hiteha ilishn 

Entwine 1 

t 

3 

Yellow 

5 

4 j 

300 

| 20 

12-1-39 

5? 

j 

| it 

I " | 

0 

Brown 

30 

2,400 

20 

, 6-3-39 

Chital ! 

Nctopicrus chit ala 

Fresh -water 

i 3 ‘5 

j Yellow 

14 

1,900 

12 

4-11-38 

Chingree 

Palirnon enreimts 

Prawn 

1 

j 0*5 

' Red 

10 

1,400 

10 

i 


(b) Yitamin-A content of deposit jats . — In most of the fishes purchased there 
was a laTge amount of peri-hepatic, peri-renal, and omental fat. This was also 
extracted by cold ether and yielded about 100 c.c. to 200 c.c. of oil per fish. In 
view of the large quantity of the oil available from this source, its vitamin-A 
content was determined. The oils from deposit fats were less viscous than the 
liver oils and were all coloured light yellow. Most of the oils gave no appreci- 
able blue colour even in concentrated solutions on addition of the SbC^ 
reagent. Only a white or brownish precipitate was formed. Chital, Shole, Boal, 
and Rohit, deposit fats showed faint blue colour (4 to 1 units) and the rest 
gave precipitates and various colours. Since the Carr-Price test could not be 
observed they were not examined spectrographically. It may be concluded 
that the vitamin-A content of these oils was quite negligible. Previous 
authors have observed that the body oils of the fish examined did not contain 
appreciable amount of vitamin A. 


These observations are important in the preparation of the liver oils The 
W must be carefully separated from the adjoining body fats before extraction 
as the addition of these fats, though increasing the quantity of the oil would 
decrease considerably the vitamin-A content. 

(c) Absorption curves oj the liver oils .— Recently considerable attention 
is given to the absorption-spectra curves of the fish-liver oils as these give 
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additional information regarding the chemical constituent of the oil. Edisbury 
et al. (1938), Grillam ef al. (1938), and Lederer el al. (1938) have observed 
that in liver oils from fresh-water fish the peak of the absorption band 
is shifted to the longer wave-lengths compared to the marine ones. It 
has been suggested that this may be due to the presence of a higher hoinologue 
of vitamin A in the fresh-water fish-liver oils. The marine fish-liver oils show an 

O 

absorption band with a maxima at 3280A, while those of the fresh-water fish-liver 

oils are between 3300A and 3500A. In addition to this some often show an 

° 

additional band at 2850A. Though the origin of this band is not yet clearly 
known, opinion is gaining ground that this may be due to the presence of 
vitamin D (Lovern, Morton and Ireland, 1939). We have studied the absorp- 
tion-spectra curves of the fish-liver oils prepared by us. Though all show very 

o o 

prominently an absorption band between 3800A and 3000A, some of them show 
an additional inflexion or at times a well-developed band between 3000A and 

2600A. The correct position of the maxima and the E value at these wave- 
lengths are given in Table II : — 


Table II. 

Absorption bands of liver oils. 


Fish. 

Position 

of maxima, 

0 

A. 

Cone., 
per cent. 

Cell, 

cm. 

Observed 

density. 

E • value. 

1 cm. 

Cod 

3,260 

1*23 

1*0 

0*7 

0-55 

Halibut 

3,280 

0-089 

0*5 

mm 

29*1 

Arh 

3,370 

0*042 

0-5 

0*6 

28-5 

» • • 

2,830 

0-042 

0*5 

0*5 

24*0 

Dhain 

3,400 

0-045 

1-0 

1*1 

24*4 

tt * • I 

2,840 

0-045 

1*0 

0*5 

! 

11-1 

1 

i 

B6al 

3,350 

0-088 

1-0 

i-i 

12*9 

tf • • 

2,830 

0-088 

1*0 

0*7 

8*0 

Shole 

3,300 

0-087 

1*0 

1*1 

12*6 
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Table II — concld. 


Fish. 

Position 
of maxima, 

o 

A. 

Cone., 
per cent. 

Cell, 

cm. 

Observed 

density. 

1°/ 

E- T — — valuo. 
1 cm. 

SI 16 I 0 

2,780 

0*087 

1*0 

0*7 

8*0 

Shillang 

3,240 

0*055 

1*0 

0*8 

14*5 

Saw-fish 

3,200 

0-205 

1*0 

1*3 

5-2 

Bhetki 

3,240 

0*38 

1*0 

1*3 

4*0 

tt * * 

2,730 

0*3S 

1*0 

0*8 

2*7 

TVIrignl 

3,240 

0-38 

1*0 

1*2 

3*2 

n * • 

2,780 

0*38 

1*0 

0*5 

1*3 

Pangash 

3,280 

0*279 

0*G 

0*8 

4*5 

Kalb 6 s 

3,200 

0-204 

1*0 

1*2 

4*5 

Shark 

3,280 

0-315 

1*0 

0*9 

2*9 

j> * • 

2,920 

0-315 

1*0 

0*9 

2*9 

Rohit 

3,280 

0-300 

1*0 

0*9 

2*3 

Ratia 

3,240 

0-37 

1*0 

0*5 

1*4 

>» • ■ 

2,780 

0-37 

1*0 

0 *G 

1*6 

Ilish 

3,300 

0-58 

1*0 

0*9 

1*5 

» • • 

2,790 

0-58 

1*0 

0*8 

1*4 

Chital 

3,280 

0-00 

1*0 

0*8 

1*2 

Chingree 

3,280 

0-004 

1*0 

0*5 

0*9 
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From the above results we find that Arh, Dhain, Shole, Bhetki, Mrigal, 
Katla, Ilish, and shark, show two absorption bands, the E value of the one at 

2800A always lesser than that of 3300A band. Among these, shark alone is a 
marine fish and Ilish is a habitat of both fresh and marine waters. Whether the 

O * 

additional inflexion at 2800A and the shift of the band to the longer wave-lengths 
are due to vitamin D or A 2 can be studied only by spectropliotometric studies 
on the blue colour produced by SbCIs reagent ; vitamin A 2 gives a band at 

o o 

6900A, while Aj gives one at 6200A. The relative intensity ratio of the bands 

O O 

at 6900A and G200A gives the ratio of these components. Experiments on these 
lines are contemplated. 

Some of the oils, particularly Dhain, Shole, Shillang, and bat-ray, are very dark 
coloured and a solution of it intensely yellow. The absorption spectrum of this 
yellow solution resembles closely that of carotene (Morton, 1935). These pigments 
are completely soluble in petroleum ether and not in water. They are, probably, 
carotenoid pigments and are present in these oils in appreciable amounts in 
addition to the vitamin A. 

In Plates XXXIII and XXXIY are given the contact prints of the absorption- 
spectra photographs of some of the liver oils taken with suitable concentrations 
and cells as given in Table II, to show the different nature of the curves, with 

. . O * 

particular reference to the inflection and band at 2850A. The last picture in 
Plate XXXIV reproduces the absorption spectrum of bat-ray-liver oil in the 
visible and near ultra-violet taken with a Zeiss tungsten-filament lamp with Quartz 
window and a Baly’s absorption tube. 

Discussion. 

Prom the results and the observations of other workers it can be gathered 
that if fish-liver oils are prepared carefully avoiding all possible sources of loss, 
oils several times richer than cod 'and nearly comparable to halibut in their 
vita min- A content can be prepared in India. 

The oils obtained in Madras by the Fisheries Department were all prepared 
by cooking the livers in water in an open vessel. Our results and the experience 
of several others (Robinson, 1938) show that there is a considerable loss of the 
vitamin A when the oil is heated or cooked in contact with air. But some of 
the oils prepared by this method which causes more than 50 per cent loss were 
very rich in vitamin A. Of the 13 different oils examined 4 of them showed 
vitamin content, higher than cocL The vitamin-A content of some of the 
shark oils fluctuated from 8,000 to 24,000 International Units per gramme. The 
liver oils examined by tintometric and biological methods by previous workers 
were prepared by cold ether extraction. Since most of the liver oils gave a Carr- 
Price value higher than 100 it can be gathered that the vitamin-A content was 
more than 5 times that of cod. 

Regarding the influence of season and growth of the fish, the observation on 
the vitamin-A content and the tat yield of 8 different species of fish included in 
Table I are interesting. The vitamin-A content of Ilish, Chital, and one of the 
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sharks was very poor. All these fish were spawning at the time of the catch. The 
low fat content and vitamin-A content indicate that all the food and nutritive 
reserves have been utilized by the fish during the spawning season. Shorland (1938) 
has also observed the same phenomena while studying the vitamin-A content of 
New Zealand fish. In the other cases, particularly the carps, the fat and 
vitamin-A content were higher in the month of March than in November. The 
spawning season of these fish was in July and hence the March catch was more 
mature than the November ones. These observations show that once the fish 
has come to an adult stage there is no considerable fluctuation in their store 
of vitamin A. Particular mention must be made of the low vitamin-A content 
of Ilish. All the fish caught and brought to the market are young, the adult 
ones having gone to the sea. So the low vitamin-A content may be due to both 
the season and maturity. 

In some cases, as Dhain, bat-ray, Shillang. and Shdle, the liver oils contained 
a large amount of carotene, while the deposit fats were colourless or light yellow. 
This shows that carotene also is stored only in the liver though it is fat-soluble. 
The observation of both carotene and vitamin A at the same time in the liver oils 
give considerable 'support to the hypothesis that the liver is probably the seat of 
conversion of carotene into vitamin A. 

The relation between the Carr-Price value and the E value has been remarkable. 
For practically all the rich liver oils, i.e., whose E value was higher than 3 and 
Carr-Price value higher than 100, the Carr-Price value was lying between 25 
and 30 times that of the E value. Even though considerable precaution has 
been taken for the accurate measurement of the blue units, we cannot expect a 
better agreement considering the transient nature of the blue colour and the 
unsatisfactory method of matching by tinted glasses {vide Chevalier and Chambre, 
1933). This observation also proves that the blue colour and the absorption 

O 

band at 3280A is definitely due to vitamin A. One Lovibond blue unit of 
Carr-Price test works out to be roughly 55 International Units per gramme of 
vitamin A. 


Summary. 


The liver oils of 16 different species of fish, both fresh -water and marine, are 
rich sources of vitamin A, some containing 30 times the vitamin-A content of average 
cod-liver oil and nearly |- that of halibut-liver oil. Six species gave from 10 to 20 
times and 6 from 5 to 10 times the vitamin-A content of cod-liver oil. 

During the spawning season the vitamin-A content of the liver oils is poor, 
while in the growth season they are fairly rich. 

Most of the fresh-water fish-liver oils showed an absorption spectrum with the 
maximum of the vitamin-A band shifted to the long wave-length region at about 

3450A with an additional inflexion or a band at 2900A. The shark, cod, and 
halibut-liver oils showed an absorption band with a maximum at 3280A. 

... r ^! e P re P a ration of the liver oils by steaming or cooking in water in contact 
with air caused 20 to 60 per cent loss of vitamin A. 


The oils prepared from the fats deposited around the liver do not contain 
appreciable amounts of vitamin A or carotene. 
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VITAMIN-A CONTENT OE SOME SPECIES OF BENGAL 
FISH BY BIOLOGICAL, TINTOMETRIC, AND 
SPECTROSCOPIC METHODS. 


BY 

K. P. BASU, D.sc., vh.T>., 

B. C. RAI SIB CAB, M.sc., 

AND 

J. C. SEN GUPTA. 

(An Inquiry under (he Indian Research Fund Association.) 
(From the Biochemical Laboratory , Dacca University.) 


[Received for publication, September 25, 1939.] 


In a previous communication from this laboratory Basu and De (1938) deter- 
mined the vitamin-A contents of the body and liver oils of Labeo rohita and Clupea 
ilisa by the biological method. The vitamin-A contents of the body and liver oils 
of several other common species of Bengal fish have been determined by three 
methods, viz., biological, tintometric, and spectroscopic, and the results obtained 
form the subject-matter of this communication. 


Experimental. 

Preparation of the oil . — The livers of Ruhee (Labeo rohita ), Ratal (Catla calla), 
Mrigel (Cirrhina mrigala), Air ( Arius arius), Hilsa (Clupea ilisa), Naindal, and Sar- 
puti (Barburs sarana) were collected during the months of August and September. 
The finely minced liver was ground up with excess of anhydrous sodium sulphate 
and extracted in a soxhlet apparatus with ether. The ether was distilled off and 
finally the oils were dried. 

Eor the extraction of the body oils the fishes Hilsa (Clupea ilisa), Chital (Noto- 
pterus chitala), Roi (Anabus testuclineus), and Magur were collected during the early 

( 721 ) 
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part of October. The fish meal was heated in a porcelain basin on the water-bath. 
The separated oils were extracted with ether repeatedly in the cold. The ether 
was evaporated and the oil dried. 

Generally the oils had a colour, varying from deep yellow to yellowish 
brown. They had their peculiar odours. Oils were preserved in an atmosphere 
of nitrogen in the refrigerator. 


Technique. 

(a) Biological method. — The technique employed was the rat-growth method 
as in the previous investigation of Basu and De ( loc . cit.). 

(b) Tintometric method— V or the oils themselves the technique of Carr and 
Price (1926) was followed and the blue colour was matched against standard 
glasses in a Lovibond tintometer. The oils which were rich sources of vitamin 
A were diluted 2 to 4 times, as was necessary, before the experiment so that 
Lovibond blue value might be obtained within the range of 6 to 8 units. It 
was observed that the relation between dilution up to this range and the 
intensity of colour produced was approximately linear. The relation will not 
be linear at great dilutions as was observed by Chakravorty, Mukherjee and 
Guha (1933). 

The tintometric method was also applied to the unsaponifiable fractions of 
the oils. The oils were saponified by the method of Smith and Bazley (1931) 
and the unsaponifiable portion from 2 g. of an oil was dissolved in 10 c.c. of 
chloroform and the solution thus prepared was equivalent to 20 per cent solution 
of the original oil. The subsequent procedure was the same as was adopted with 
the oils. 

(c) Spectroscopic method. — The apparatus used was an Adam Hilger E3 Quartz 
spectrograph. The light source was a condensed spark between the two electrodes 
of iron-tungsten alloy, and a rotatory sector photometer was placed between the 
slit and the source of light. 

The oil was dissolved in absolute alcohol and the concentration of each oil is 
given in Graphs. 1 and 2. The length of the absorption tube was 2 cm. The 
spectropliotograpli for each oil solution was taken for several density readings on 
extra thin Ilford special rapid plates. The points at which equal intensities of lines 
in the upper and lower spectra occurred were joined to give the absorption curve. 
This is represented graphically with wave-length as abscissa and log I ^ J I as the 

ordinate in Graphs 1 and 2. Wave-length was measured by comparing the posi- 
tions of special lines with lines in standard chart and log I Q ^I was obtained .by 

dividing the density readings on the sector by the length of the absorbing tube 
through which light passed. 


Results. 

(a) Biological method. — The growth responses in young rats for different doses 
of oil (both liver and body) are summarized in Table I. '• . 
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Table I. 


Growth response of rats in 28 days with various doses of vitamin A 
containing supplements and the mtamin-A contents of oils. 


Name of the 
supplement. 

Number 
of rats 
used. 

i 

Dose. 

increase in 
weight per rat. 

\ 

j 

Increase in 
weight per rat 
por week. 

1 

Vitamin A 
units per 
gramme 
of oil. 

Carotene , . 

7 

4 units 

J3-5 g. 

i | 

1 

3;4 g. 

* 

• • 

C 

4 

H-0 „ 

3 *5 „ 

j 

•• 

•t • • • * 

5 

4 „ 

1.T0 „ 

3-8 „ 

1 

Katal-livcr oil 

8 

10 mg. , 

s-o „ 

2*0 

i 

1 



1 



\ 207 

»» >» >» 

7 

20 „ 

14-0 „ 

3*5 „ 

J 

MrigeMiver oil 

8 

10 „ 

12-7 

3-2 „ 

377 

Basal diet only . . , 

| 

5 

Nil. 

Nil. 

Nil. 

* * 

1 

Koi-body oil , . 

i 

i 

7 

80 mg. 

—6*1 g. 

— 1-0 g. 

Nil 

Magur-body oil 

6 

80 „ 

-13*2 „ 

° w 9f 

Nil 

Air-liver oil 

7 

20 „ 

14-0 „ 

3*5 „ 

200 

Basal diet only 

4 

Nil. 

Nil. 

Nil. 

•• 

Naindal-liver oil 

G 

10 mg. 

15-0 g. 

3*7 g. 

405 

Sarputi-liver oil 

4 

20 „ 

-17-6 „ 

-4*4 „ 

Nil 

Chital-body oil 

5 

100 „ 

10-0 „ 

2*5 „ 

26 

Basal diet only 

T 1 JTttv 

4 

Nil. 

Nil. 

Nil. 

•• 
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(b) Tintometric method . — The results are indicated in Table II which represents 
the average of several consecutive readings : — 

Table II. 

Amounts of blue units ( expressed as Carr- Price value) with oils as such 
and with the unsaponifiable portion of the oil. The average only 
of several consecutive readings are given. 



With oil as such. 

With un saponifiable portion 

OF THE OIL. 

Nature of the oil. 

Amount 
of yellow 
units. 

Amount 
of red 
units. 

[ Carr-Price 

1 value. 

I 

Amount 
of yellow 
units. 

Amount 
of red 
units. 

Carr-Price 

value. 

Cod-liver oil 
(B. C. P, W.). 

4*0 

•• 

6*0 

4-5 

•• 

7 *5 

Ruhee-liver oil 

2-0 

i 

i 

7*0 

6*0 

•• 

14*0 

Katal-Iiver oil 

1*0 

* * 

2*5 

2*0 

•• 

2*5 

K di-body oil 

i 

i 

i 

I 

Positive 

1-0 

! 

1*2 

i 

Hilsa -liver oil . . 

• • 


» 

4*0 

i 

i 

•• 

1*5 

^Irigel-liver oil 

2*0 

•• 

1 

7*6 

6*0 

i 

•• 

12*5 

i 

Mag iir-body oil 

•• 


Trace 

1*0 

1 


2-6 

Air-liver oil 

1*5 

•• 

4*75 

1 

1 2*0 

i 

i 

•• 

4*6 

Chitai-body oil 

2*0 

| 

1*0 

1*25 

1 

1 2*0 

1*0 

2*9 

Naindal-livcr oil 

2*0 

•• 

12*0 

1 

G-0 


. 20*2 

Sarputi -liver oil 

•• 

•• 

2*0 

1-5 

•• 

3*0 




Log l 0 jl 
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(c) Spectroscopic method . — The absorption spectra of the oils are represented 
graphically in Graphs 1 and 2 : — 


Graph 1. 



Ruhee- and Naindal-liver oils exhibit clear absorption bands at 320a to 330a 
Hilsa-body oil exhibits general absolution and no selective absorption is detected’ 
showing that the vitamin-A content is negligible. In the case of oils of other fishes 
no fine structure at 328 p. is detectable. So quantitative study fails. Although 


Log I 


726 Vitamin- A Content of Some Species of Bengal Fish. 

the curves show mostly general absorption, there are two flat portions in the absorp- 
tion curves of Mrigel-liver oil, Air-liver oil, and Chital-body oil, in the regions 350/x 
to 310ju. and 260/x to 290/x, respectively. Katal-liver oil shows a long band from 


Graph 2. 



3300 3700 3600 3500 3400 3300 3200 3100 3000 2000 2800 2700 2600 2500 2400 2300 


Wave-length in A. U. 


340/x to 27 0/x. With none of the oils an absorption band at 345 p. to 350/x character- 
istic of vitamin A 2 , which was observed by Gillam el al. (1938), and Lederer 
and Rathmann (1938) in Russian fresh-water fish, could be detected. 
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Method of calculation.— Method of calculating the vitemin-A content from 
absorption spectra may be indicated in tbe case of Naindal-hvcr oil. 

A concentrate of NaindaUiver oil containing 0-005 g. of the oil per c.c. showed 
a value for log I Q /I of 0-35 when photographed through 2 cm. cell. The value 

for the extinction co-efficient of 1 g. of oil at 328,. will, therefore, be equal to 

0-005 ), where 2 equals the depth of the cell in cm. and 0*005 equals 

the g. of the oil per c.c. of the solution photographed. 

Therefore E the extinction co-efficient (1 g. at a depth of 1 cm.) = So at 
325,.. The vitamin-A values are calculated according to the Beer-Lam )er s 

Law, 

E = JL 1 0<T T IT when C = cone, of substance, d = length in cm. of 

(3 d. ® Q / " 

liquid column through which light passes, I Q = intensity of incident light and 
I = intensity of transmitted light. 

If the extinction co-efficient for pure vitamin A be taken as equal to 1,000- 
(Carr and Jewell, 1933) and substituted in the above formula. 

C = L09 vitamin A per c.c. of the solution. 

i.e., 0-005 gm. of oil = 1-09 y vitamin A 
or 1 gm. of oil — 218 y vitamin A 

~ 727 rat units of vitamin A. 

Table III shows the vitamin-A content of the two oils by the spectrograph ic 
method. Other oils did not give sharp absorption band at 328^. 


Table III. 



Vitamin-A 



value per g. of 

Weight of the oil 

Nature of the oil. 

the oil. 

(g.) containing I 


International 

Units. 

I. U. of vitamin A. 

1. Naindal-liver oil 

727 I. U. 

0*0013 

2. Euhee-liver oil 

022 I. U. 

O’OOIG 


♦Holmes and Corbet (1937) have successfully prepared crystalline vitamin A from the unsa* 
ponifiable fraction of the liver oil of Slereolepis ishinagi by low temperature crystallization from 
organic solvents containing a very email amount of water. Spectroscopic examination gives a value 
for E 1 per cent, 328 fi of 2,000 compared with the accepted value of 1 cm, 1,600. 
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Discussion. 

In Table IV the vitamin-A content of the body and liver oils of different 
species of Bengal fish determined by different methods is shown : — 


Table IV. 


The relative vitamin-A values of fish liver and body oils obtained by three 

different methods. 


Nature of the oil. 

Zoological name 
of the fish. 

Carr-Price 
value with 
oil as such. 

Carr-Price 
value with 
unsaponi- 
fiable 
portion. 

Units 
vitamin A 
per g. of 
the oil 
(biological 
method). 

Units 
vitamin A 
per g. of 
the oil 
(spectro- 
scopic 
method). 

1. 

Ruhee -liver oil . . 

Labeo rohita 

7-00 

14-00 

461 

(Basu and De) 

622 

2. 

Naindal-liver oil. , 

— 

12-00 

20*20 

405 

727 

3. 

Katal-liver oil . . 

Gatla caila 

2-50 

2*50 

207 

• . 

4. 

Air-liver oil 

Arms ariiis 

4*75 

4*60 

200 

• . 

5. 

NIrig el -liver oil . . 

Girrhina mrigala 

7-50 

12-50 

377 

. - 

6. 

Sarputi -liver oil . . 

Barbus sarana 

2*00 

3-00 

Nil 


7. 

Hilsa-liver oil 

Glupea ilisa 

Trace 

i 

1-50 

1 199 

(Basu and De) 


8. 

Chital-body oil . . 

N otopterus chilala 

1-25 

2-90 

26 


9. 

Hilsa-body oil 

Glupea ilisa 

•• 

| 

Nil 

(Basu and De) 


10. 

Magur-body oil . . 


Trace 

2*60 

. . 


11. 

Kdi-body oil 

j Anabus iestudincus 

i 

„ I 

1*20 

? 


12. 

Cod-liver oil 
(B. C\ P. IV.) 

i 

o*oo i 

l 

7*50 

195-200 
(Datta and 
Banerjee) 


13. 

Halibut-liver oil . . 

* » 

(Parke, Jlavis 
& Co.) 

•• 

55,000 

- 

14. 

Cod-liver oil 

i | 

| 

(International 

Standard) 


1,000 



It will be observed that body oils of fish contain little or no vitamin A. The 
liver oils of lluliee. Naindal, Katal, Air, Mrigel, and Hilsa, contain appreciable 
amount of vitamin A as measured by the biological method. The Buhee-, 
Naindal-, Mrigel-, and ELatal -liver oils are very good sources of vitamin A and 
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indeed contain more vitamin A than the imported varieties of cod-liver oil which 
lose much of their potency in transit and on storage. The Naindal- and 
Iluhec-livcr oils are potent sources of vitamin A, the former containing 727 and 
the latter 622 International Units per g. as measured by the spectroscopic 
method ; these two oils, therefore, almost reach the standard of cod-liver oil. 
Jdrigel-, Katal-, aud to a less extent Air-liver oils also, contain appreciable 
amounts of vitamin A. 

It is remarkable that none of the liver oils of fresh-water Bengal fish showed 
an absorption band at 345/t to 350/x characteristic of vitamin A 2 . 
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STUDIES ON VITAMIN -A DEFICIENCY. 

Part IV. 

THE EFFECT OF CAROTENE ON THE PERIPHERAL NERVE 
LESIONS PRODUCED BY VITAMIN-A DEFICIENCY. 

BY 

M. V. RADHAKRISHNA RAO. 

(Nutrition Research Laboratories , 7. R. F. A., Coonoor , S. India.) 

[Received for publication, September 30, 1939.] 

Degeneration of varying degrees in the myelin sheaths of the spinal nerves 
produced in young animals by diets deficient in vitamin A and carotene has been 
previously described (Radhakrishna Rao, 1938a). It was reported that while histo- 
logical examination of the peripheral nerves revealed myelin degeneration in most 
of the animals fed on the deficient diets, clinical evidences of nervous disorder, 
such as general inco-ordination, sluggish movement or * leg weakness ’ were rarely 
observed. Similar changes were also described in the trigeminal and optic nerves 
(Radhakrishna Rao, 1936). It was found that the addition of adequate amounts 
of carotene to the deficient diet, after the animals had developed typical signs of 
xerophthalmia, resulted in recovery of the eye condition but that the myelin 
degeneration persisted in the trigeminal nerve. The period of treatment with 
carotene was, however, short in this experiment, which was devised for a different 
purpose, i.e., to. find out the relation between the epithelial and nervous lesions 
occurring in vitamin-A deficiency. Hence further work was undertaken to investi- 
gate the effect of the prolonged administration of carotene on the peripheral nerve 
lesions. In the present investigation the spinal nerves were chosen for study. 

Experimental. 

Twelve young rabbits, which had been fed on a good mixed diet from birth, 
were placed in separate cages and given the following diet, deficient in carotene 
and vitamin A : — 

Crushed oats 

Rice bran 

Calcium carbonate . . 

"White potatoes 


Parts, 

68-5 

20-0 

1*5 

10-0 


( 731 ) 
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Calcium carbonate was added to provide enough calcium, as it has been shown 
that nervous lesions can be produced in animals by diets rich in cereals but contain- 
ing very little available calcium (Stockman, 1934; Stockman and Johnston, 1933 ; 
both quoted by Mellanby, 1935). White potatoes were added to the diet to supply 
vitamin C ; their carotene content is negligible. The animals were weighed 
weekly and an examination of the eye was made at . frequent intervals. Soon 
after ' the animals had developed typical manifestations of xerophthalmia, _ 10 
grammes daily of fresh green amaranth leaves ( Amaranthus gangeticus), supplying 
roughly 250 micrograms of carotene, were added as a supplement. In one case 
(rabbit No. 5) 0-5 ml. of red-palm oil (Elads guinemsis) daily was substituted for 
the amaranth leaves ; one ml. of red-palm oil supplies about 410 micrograms 
of carotene. 

The animals were examined every day after the institution of the above 
treatment and the time taken for the disappearance of the eye signs noted. Rabbit 
No. 1 was killed soon after the xerophthalmia had cleared up and the changes in 
the peripheral nerves after this short period of treatment investigated. The other 
animals were killed at various intervals after the commencement of treatment with 
carotene (see Table) but at definite intervals (1 to 14 weeks) after the disappearance 
of the xerophthalmia. 

To avoid post-mortem changes, the animals were killed by air embolism and 
some of the peripheral nerves (sciatic and femoral nerves, nerves from the brachial 
plexuses) were removed soon after death. Immediately after removal the nerves 
were fixed in Muller’s fluid and 10 per cent neutral formalin. Preparations for 
histopatkological study were made from the material fixed in Muller’s fluid by 
Marchi’s method. Prozen sections of the nerves fixed in neutral formalin were 
stained by Sckarlach R and Sudan IY. These sections were also examined in 
polarized light between crossed Nicol prisms. The advantages of this method 
in the study of myelin degeneration were pointed out in a previous communication 
(Radhakrishna Rao, 19386). 


Observations. 

Though there were variations in the time of onset of xerophthalmia, all the 
animals, with the exception of two, showed about the same degree of the eye condi- 
tion when the treatment with carotene was commenced. In these two animals 
(Nos. 3 and 7), the development of the ocular signs was so sudden and marked that 
corneal ulcers had actually developed before the treatment was started. In both 
these animals, the corneal ulcers took about 6 weeks to heal and permanent opacities 
of the cornea, which impaired the vision, remained as sequela}. In all the other 
animals, the xerophthalmia cleared up under treatment in less than two weeks 
without leaving any trace on the cornea. 

All the animals gained in weight after the addition of carotene to the deficient 
diet. _ In 3 animals, however, the response was not very marked. At the end of the 
experiment, it was found that the livers of all the animals were positive to the 
antimony-trichloride test for vitamin A. 

A moderate degree of myelin degeneration was found in the nerves of rabbit 
No, 1, yrliicli was killed soon after tlie xerophthalmia was cured* Examination of 
the peripheral nerves from the remaining rabbits revealed that degeneration of the 



M. F. RadJiah'ishm 7?ao. 


733 


medullary sheaths was still present in spite of the clinical improvement. In sec- 
tions stained by Marchi’s method, most of the degenerated fibres in rabbit No. 1 
showed the * annular ’ type of degeneration ; fine or coarse granules of disintegrated 
myelin, stained black by osmic acid, were mostly seen in sections of nerves removed 
from the other animals. The duration of treatment with carotene has had no 
appreciable effect on the peripheral nerve lesions. Slight but definite de-myelina- 
tion of nerve-bundles in the peripheral nerves was still present even in animals 
killed 12 and 14 weeks after the disappearance of xerophthalmia. Study of the 
frozen sections of the nerves stained by Scharlach It and Sudan IV confirmed the 
above findings. Irregular swelling, fragmentation, and the presence of isotropic 
material in the myelin sheaths of the nerves examined in polarized light and between 
crossed Nicols conclusively showed that slight myelin degeneration was present in 
all the animals irrespective of the period of treatment. 

Rabbit No. 5 treated with red-palm oil also showed similar changes in the 
peripheral nerves. 


Table. 

j Effect oj carotene treatment on peripheral nerve lesiom. 


i. 

Condition 

OF THE EYE,* 

Treatment 

Weight (grammes). 

Lesions or tiie peripheral 

NERVES (MICROSCOPIC 
I)IAONOSJS).f 

Animal number. 

Right. 

Left. 

(time in 
weeks after 
disappearance 
of xeroph- 
thalmia). 

Initial. 

Before treatment. 

Terminal. , 

£ 

o 

CO 

u 

o 

p 

a 

£ 

<< 

c 

p 

p 


1 

+ 

+ 

0 

(Killed soon 
after dis- 
appearance 
of xeroph- 
thalmia,) 

1,425 

1,205 

1,300 

2 

1 

2 

2 

* 2 

2 

+ 

+ 

1 

1/225 


1,325 

1 

1 

1 

1 

0 

3 

++ 

+ 

2 

1,545 

1,275 


1 

i 1 

1 

1 

1 

1 

1 

J 

] 

4 

+ 

+ 

3 

■fiiUl 

■mJ 

1,375 

1 

; i 

1 

1 

5 

+ 

+ 

4 

1 905 


1,815 

1 

i 

1 

1 

6 

+ 

+ 

5 

msm 


1,480 

1 

i 

1 

1 

7 

+ 

++ 

G 

1,435 

1,695 

1,545 

1 

! i 

1 

1 

j 

8 

+ 

+ 

7 


1,115 

1,375 

1 

i 

1 

1 

1 

1 

I 

9 

+ 

+ 

8 

mm 

■s a 


2 

i 

1 

1 

10 

+ 

+ 


■Hi 

■ IS 


2 

i 

1 

1 

l 

11 

+ 

+ 

12 

1,310 

Mlm 

Bv&fjfl 

1 

i 

1 

12 

+ 

+ 

14 

1,505 

1,635 


1 

i 

1 

1 

i 

1 


* + = Xerophthalmia. 
+ + = Corneal ulcer. 


t 0 = No degeneration. 

1 — Slight degeneration. 

2 = Moderate degeneration. 

3 = Marked degeneration. 
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Discussion. 

Several workers have described neurological manifestations in experimental 
animals fed on vitamin-A deficient diets and showed that carotene, when added 
to the deficient diets from the beginning of the experiment, was effective in prevent- 
ing the nervous lesions. Sutton, Setterfield and Krauss (1934) found that the early 
degenerative lesions in the sciatic and femoral nerves at the time of incipient ophthal- 
mia were unhealed in rats which had received adequate amounts of vitamin A for 
a period of 8 weeks after the appearance of the eye lesions. Zimmerman and Cow- 
gill (1936) similarly found that in vitamin-A deficient rats given adequate treat- 
ment with carotene (4 drops of a 0-1 per cent solution in cotton-seed oil, equivalent 
to 100 micrograms, a day) over a period ranging from 4 to 31 days, the neurologic 
manifestations remained unimproved throughout the course. In the present 
investigation the effect of carotene on nerve degeneration has been more 
systematically studied, with results which confirm and extend those of the above 
workers. 

In the present experiments, it was found that the administration of carotene 
was effective in improving the clinical condition and in arresting the further progress 
of degeneration in the peripheral nerves, but was ineffective in curing the lesions 
already present before treatment. It appears that the nerve lesions of the kind 
noted persist for a long time and administration of carotene at a late stage in the 
deficiency has no demonstrable effect on such lesions. It is also clear that minor 
degrees of de-myelination of the nerves may be present without any clinical evidence 
of nervous disorder. 

Varying degrees of peripheral neuritis are commonly met with in South Indians. 
It is generally believed that the condition is due mainly to deficiency of vitamin Bj. 
The possible role of vitamin-A deficiency in producing this condition has not, however, 
received adequate attention. Judging from the prevalence of keratomalacia and 
xerophthalmia in South India, vitamin-A deficiency appears to be a common 
condition in the poorer classes and it may perhaps play a part in the production 
of peripheral neuritis. 

Summary. 

A study has been made on rabbits of the effect of adding adequate amounts 
of carotene to a vitamin-A deficient diet, after the animals had developed xeroph- 
thalmia. While recovery from xerophthalmia took place, anatomic lesions in the 
peripheral nervous system persisted and showed no evidence of regeneration. 
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PIGMENTATION OP THE CONJUNCTIVA AND ITS 
POSSIBLE RELATION TO NUTRITION. 
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A. K. BOMAN-BEHRAM, 

The Bombay Presidency Baby & Health Week Association. 

[Received for publication, September 28, 1939.] 

■ Pigmentation of the conjunctiva lias been the subject of a fair amount of 
observation all over the world. The efforts of some of the workers have been 
directed towards the discovery of some method of diagnosis of vitamin-A deficiency 
long before the appearance of definite clinical signs such as Bitot’s spots and 
keratomalacia. Pillat (1933) studied sections of the conjunctiva of Chinese both 
in apparently good health and showing conditions indicative of vitamin deficiency 
such as night-blindness, prexerosis, xerosis, and keratomalacia. He states that the 
‘ normal 5 conjunctiva in the Chinese contains a large amount of pigment not visible 
to the unaided eye, which may be due to the fact that the great majority of the 
Chinese live on the borderline of vitamin-A deficiency. Probably the same holds 
good in India judging from the diet surveys carried out in the provinces of Bombay 
Madras, and Bengal. Pigments can accumulate in greater amounts in certain 
regions of the conjunctiva. Fisher (1905) reported accumulation of pigment in the 
epithelial cells of the conjunctiva at the limbus on microscopic examination in 
various tribes in Africa. Kazao (1919) in Japan described a similar condition in 
Japanese among whom the pigmentation was visible to the unaided eye. WrioFf 
(1922) in India, and Mori (1924) have recorded their observations on keratomalacia 
and xerosis epithehalis conjunctive, respectively. But so far, pigmentation of thl 
conjunctiva similar to that which has been observed among the poor Domilstinn «f 
Bombay has not been described. 1 P c of 

In the course of a routine medical examination conducted in an industrial 
school m Bombay, it was found that the conjunctiva of a great number of tnal 
definitely pigmented. Practically all the inmates of thfsIchooUame^ ^rTT 
slums of the city and were convicted by the juvenile court for vagrancy anHeH 6 
offences and handed over to the care of the industrial school ThfaTeTof ?{? P i? 7 
examined ranged from H to 16 years, _The pigment deposited in the conjunct 

( 735 ) 
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was in the form of (a) elliptical or irregular patches and (6) rings, semi-circles or 
segments round the cornea. The patches of pigment are light brown in colour 
and are for the most part situated on the outer side of the exposed portion of the 
conjunctiva midway between the cornea and the outer canthus. The margins axe ill 
defined and merge insensibly into the surrounding conjunctiva which is dirty white, 
lustreless, and unhealthy in appearance. At times fine blood-vessels may be seen 
in the area suggesting chronic congestion. These patches in the majority of cases 
exist in both eyes. The linear pigmentation is dark brown in colour and is Situated 
at the sclerocorneal junction or at a very short distance away from it into the 
scleral region. It is 0-5 to 2-0 millimetres wide, has well-defined margins, and 
curves round the cornea as segments, semi-circles, or as complete circles. In 
some cases it is found at or near the lower margin of the cornea in the form of 
a curved line, the central portion being near the cornea, while the extremities 
are carried further away from it into the sclera on both the sides of the cornea. 
At times two such lines exist, one at the upper and the other at the lower 
margin of the cornea forming an ellipse, the long axis coinciding with the long axis 
of the rima palpabrum, and in this way enclosing a good portion of the bulbar 
conjunctiva. This linear pigmentation is observed as a rule in both the eyes. 

On examination, the conjunctiva; of 169 out of 189 boys were found to be 
pigmented. On account of the high incidence of pigmented conjunctive, it was 
suspected that the destitute condition of the boys and all that this connotes, 
especially with regard to their diet, might be a causal factor in the production 
of the pigment. Hence, for purposes of comparison, an inspection of children 
belonging to a higher social class and attending a day school wherein the fees are 
higher than the average tuition fees of schools in Bombay, was carried out. Free 
students were excluded from examination. One hundred and sixty-four children 
of about the same ages as the boys in the industrial school were examined ; 44 of 
them showed brown pigment in the conjunctiva. The fact that all the children 
examined were paying students does not necessarily mean that they were adequately 
nourished or were properly looked after by their parents as is evident from the fact 
that one child was suffering from a definite Bitot’s spot in each eye. However, 
the low incidence of pigmented conjunctiva among children in the day school is in 
contrast to its prevalence among the boys in the industrial school. 

Table I. 


Incidence of conjunctival pigmentation among children of the day ami 

industrial schools. 


School. 

i 

i 

: Sex. 

Number 

examined. 

Linear 

pigmentation. 

Patchy 

pigmentation. 

Percentage 
of children 
with pigment. 

, , f 

Boys 

; Ik! 

32 

0 

27*8 

Day school .. J 


t 


! 


1 

Girls 

49 

' 12 

o 

24*7 

Industrial school . . | 

Boys 

189 

\ 143 

26 

89*4 
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Since a number of boys of the industrial school were found to have defective 
vision, it was felt desirable to know whether this condition had any relation with the 
conjunctival pigmentation observed by us. For this purpose Snellen’s test at a 
distance of 20 feet was carried out. It was observed that, out of 189 boys examined, 
137 had defective vision in one or both eyes. The degree of bad vision varied from 
6/9 to even as much as 6/60. As stated above, 169 boys had pigment in the conjunc- 
tiva out of Avhich 119 boys- had defective vision in one or both eyes. The incidence 
and character of pigment with or without defective vision are as follows : — 

Table II. 


Character of pigmentation and its distribution among boys with normal and 

defective vision. 


! 


Normal vision. j 

Drrectivr vision. ' 

Percentage 
with defec- 
tive vision. 

Character of pigmen- 
tation. 

Total 

number. 

Number. 

Percentage. 

One eye. 

Both eyes. 

I. Boys without 

pigment. 

20 

1 

5*0 

1 

18 

95*0 

II. Boys with con- 
junctival pig- 
ment. 

169 

51 

30-2 

18 

100 

69-8 

i 

A. Pigmented pat- 
ches. 

26 

13 

50-0 

2 

11 

50-0 

B. Linear pigmen- 
tation. 

143 

38 

26-57 

16 

89 

73-43 

(?) Partial rings . . 

85 

20 

23-41 

12 

53 

76-59 

(») Complete rings 

58 

IS 

, 

31-03 

4 

36 

68-97 


The boys with defective vision were investigated further. Those with a vision 
6/9, 6/9 or 6/6, 6/9 were left out of consideration as these were near the limit of 
normality. The pupils of boys having a vision 6/12 and less (one or both eyes) 
were dilated with atropine and an ophthalmoscopic examination for refraction and 
the condition of the retina was carried out. Those boys who had haziness or opacity 
of the cornea likely to interfere with vision, as also those who were difficult to 
examine, were excluded from the test. Full correction for refraction according 
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to the ophthalmoscopic reading was made by means of lenses, and Snellen’s test 
done again. The results are as follows : — 

Table III. 


Improvement in vision ajter correction oj rejraction. 


i 

Without conjunctival 

PIGMENT, 

With conjunctival 

PIGMENT. 


I 

Number. 

Percentage. 1 

Number. 

Percentage. 

Vision 6/12 and less (total 82 1 
boys). 

12 


70 

•• 

(«) Complete improvement of 
vision. 

G 

50-0 

24 

84*3 

( b ) Incomplete improvement j 
of vision. j 

6 

130-0 

46 

65*7 


From the table it will be clear that 6 out of the 12 boys without pigment, and 
24 out of 70 boys with pigment, responded completely to correction of refractive 
errors by means of glasses. The rest, 52 in number, 6 without pigment and 46 
with pigment when subjected to the same treatment did not show complete improve- 
ment in sight. 

The appearance of the retina did not show any marked departure from the 
normal, though in a few cases the optic disc was found to be pale. 

The high incidence of pigmented conjunctiva among the boys of the industrial 
school and the close association of their destitute condition with a poor dietary 
drew our attention to the diet consumed by the boys of the industrial school. The 
diet which consisted mainly of cereals and pulses with only a little mutton, oil, and 
jaggery, was adequate in total proteins and calories but lacking in milk and milk 
products. The figures obtained on chemical analysis for proteins, fats, and carbo- 
hydrates, were 88-7 g., 31-7 g., and 586-0 g., respectively, yielding a total of 3,060 
calories per day per boy. The amount of animal proteins and fats were 4-2 g. 
and 0-4 g., respectively. The only * protective ’ foodstuff in the diet was fresh 
vegetables — 10-5 oz. daily per boy. 

As the diet of the boys was presumably deficient in fat-soluble vitamins and 
as a great majority of them had pigmentation associated with lustreless conjunctiva, 
it was decided to ascertain the prevalence of night-blindness among them. Only. 
51 boys could be tested for night-blindness. Those who had defective vision had 
it corrected by glasses prior to the test. The technique adopted was that followed 
by Jeams and Zentmire (1934). The instrument used for the purpose was an 
electrically illuminated Birch Hirschfeld photometer (Carl Zeiss). The illumination 
was controlled by means of a glass wedge marked with scale of opacities and by the 
iris diaphragm, its full aperture measuring 20 mm. in diameter. Two readings 
with the glass wedge and the diaphragm were taken, one immediately after switching 
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Showing circular pigmentation (R) of the conjunctiva. Fig. 3. Showing a thicker rmg of pigment (R) than in Fig. 
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off a hundred-and-fifty Watt lamp to which tlie subject was previously exposed for 
five minutes, and tlie second at tlie end of ten minutes in total darkness. ‘ For 
the normal eye and with the wedge set at seven, the end-point opening of the iris 
diaphragm varied from 14 mm. to 20 mm. inclusive or if the wedge was set at six 
the reading was 8 to 10. During the ten minutes’ period in darkness the normal eye 
recovered light sensitivity to the extent that with the wedge set at seven, the end- 
point opening of the iris diaphragm was from 3 mm. to 6 mm. inclusive. Wedge 
six was too transparent to be used for the normal eye after ten minutes in the dark 5 
(Jeams and Zentmire, loc. cit.). 

Prior to subjecting the boys to the test, six members of the research and 
teaching staff of a medical college who presumably had normal vision and no 
vitamin-A deficiency were first tested with the instrument and the results were in 
agreement with the above quotation. 

The results of tests on 51 boys are set out in Table IV : — 

Table IV. 


Incidence of night-blindness. 




LIGHT SENSITIVITY. 


Number 
of boys 
examined. 

Normal 

* (W7, D3 to 6). 

- ! 

Diminished 

W7, D8 to 20. 

i 

Greatly dimin- 
ished W6 AND 

LESS DIO AND 
MORE. 


1 

i 

Number. 

— - 

Percen- 

tage. 

i 

0 1 

1 i 

3 

5$ 

Percen- 

tage. 

*2 Percen- 
ts ta S e - 

1 >5 

1. Vision normal 

34 

i 

1 15 

44*12 

18 

i 

52*94 

1 2-94 

(a) Conjunctiva 
without pigment. 

9 

8 

88*89 

1 

! 

11*11 

i 

Nil 

(b) Conjunctiva 

pigmented. 

23 

7 

1 2S-00 

17 

68*00 

1 4-00 

Vision defective * . 

i 

17 

3 

17*65 

G 

47-06 

S 35-29 

fa) Conjunctiva 
without pigment. 

2 

M 

•* 

1 

•• 

1 ' 

i 

(b) Conjunctiva 
pigmented. 

15 

i 

i 

\ 

3 

20*00 

5 

33-33 

j 

7 j 48-67 


3, MR 


* W — wedge. 


D = diaphragm in mm. 


9 
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Of boys with normal vision 55-88 per cent and of those with defective vision 
82-35 per cent had diminished light sensitivity. Boys with conjunctival pigment 
suffered greatly from night-blindness, the incidence among them with normal and 
defective vision being 72 and 80 per cent, respectively. _ Though the incidence in 
both these groups is nearly the same, the boys with pigment but with defective 
vision were more advanced in night-blindness than those with pigment but with 
normal vision, as is evident from a comparison of the number of boys whose end- 
point in the test could not be reached at wedge seven and full diaphragm (20 mm.) 
after ten minutes in darkness. In the former group 46-67 per cent of boys had 
reached an advanced stage of night-blindness and in the latter only 4 per cent. 


Discussion. 

It is well to review the possible causes of the appearance of the pigment. The 
pigmentary condition may be congenital. The fact that 89-4 per cent of children 
of one school have the pigmented conjunctiva, while only 26-8 per cent of those in 
another school suffer from a similar condition — both groups of children being of the 
same age and race— makes such a possibility improbable and remote. 

Chronic conjunctivitis produced and maintained by prolonged exposure to 
strong sunlight and dust can form pigmentary patches in the conjunctiva. The 
boys "of the industrial school working in the garden suffer from irritation and 
congestion of the conjunctiva for a few days only, due to the particles of earth 
lodging in the eyes. During the present investigations only one case of chronic 
conjunctivitis was detected. Pillat (loo. cit.) is of the opinion that work in strong 
sunlight is responsible for the increase in pigment which is evident only when the 
conjunctiva is viewed through the microscope; and that this increase is also 
dependent on certain dietetic factors responsible for creating hypersensitivity of the 
eyes with consequent photophobia. The routine diet of the school is singularly 
deficient in animal proteins and fats and probably also fat-soluble vitamins, and 
an average stay of three years in the institution may predispose to a condition of 
xerosis to a varying extent according to the state of health and nourishment prior to 
admission. This is supported by the fact that, though only few boys have been 
found to suffer from definite Bitot’s spots, the great majority of children have 
conjunctives that are lustreless andtinted, on the whole appearing unhealthy, quite 
unlike that observed among the children of the higher middle class. This lack of 
lustre in the conjunctiva, which in the boys of the industrial school has been found 
to be present along with the pigmentation, may be associated with vitamin-A 
deficiency. When some of these boys were subjected to the photometric test for 
night-blindness it was found that the majority of boys who suffered from it were 
those with pigmented conjunctiva. A high percentage of boys whose vision did not 
completely improve after correction of refractive errors by glasses showed 
diminished sensitivity. 

• existence of a possible relationship between the deposition of pigment 

m the conjunctiva in the form of patches and circles, and visual defects on the 
one hand and dietetic deficiencies on the other, require further elucidation with 
regard to the nature of pigment and its disappearance by administration of 
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Summary. 

1. Out of 189 boys examined at an industrial school in Bombay 169 had 
patchy and linear pigmentation of the conjunctiva. The diet of these boys was 
found to be extremely poor in animal proteins and fats. 

2. One hundred and thirty-seven had defective vision in one or both eyes, 
of these 118 had pigment in the conjunctiva as well. 

3. The vision of 52 boys did not return to normal after full correction of 
the refractive error by means of glasses. 

4. The percentage showing diminished light sensitivity was high in boys with 
pigmented conjunctiva. Of those without pigmentation 88'89 per cent were 
normal, while only 28 per cent of those with pigment were normal as regards light 
sensitivity (Table IY). 

Eighty per cent of boys with pigmented conjunctiva and defective vision 
which persisted even after correcting the refractive error showed impaired light 
sensitivity. 
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I. Introduction. 

Pellagra has a world- wide distribution. It is much more common in the 
temperate zone than in the Tropics. Although various authors have given priority 
to different people to the discover)^ of pellagra from 1578, the credit goes to Gasper 
Casal who described the dermal gastro-intestinal, and mental symptoms in 1735 
in the Oviedo district in Spain, as one clinical entity and called the disease ‘ Mai de 
la Rose \ The word pellagra was introduced in 1771 by Frapolli, an Italian ( Pelle = 
skin ; agra = rough), the original name being * Pelagra ’. 

Distribution of pellagra in India . — Megaw and Gupta (1927), writing about the 
distribution of diseases in India, reported four doubtful cases from Lyallpur, one 
from Calcutta, and one possible case from Natore. Since that date several cases have 
been reported in India. A summarized account of these has been given by Stannus 
(1936). Cases were reported in the following districts : — 

Bengal : Megaw and Gupta ( loc . e it.) reported a case definitely diagnosed as 
pellagra by Colonel Calvert from the Calcutta Medical College and one case reported 
by Colonel Sandes from Natore; Panja (1935) reported two cases from Calcutta' 
both in Hindu widows, the first case seen by him was in 1933. Sen Gupta cl al. 
(1939) reported five cases from Calcutta. (Total number of cases 9). 

Punjab : Megaw and Gupta (loc. cit.) reported four doubtful cases from 
Lyallpur (reported by Civil Surgeons), Gupta (1935) reported a case in Lahore 
and Bajaj (1939) reported six cases in Kangra. (Total number of cases 11) ’ 
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United Provinces : S war up (1930) described a case from Ballia. (Total number 
of cases 1). 

Hyderabad : Lowe (1931) reported 40 cases of pellagra in tbe patients of Dichpali 
Leper Hospital ; tbe first case observed was in 1925. Thirty more cases were 
described from tbe same hospital by Lowe (1933). (Total number of cases 70). 

Bombay : Kajadliyaksha (1933, quoted by Stannus, 1936) described one case, 
Dhayagude and Khadilkar (1939) five cases from Bombay, and Mody (1935) one 
case from Poona. (Total number of cases 7). 

Madras : Raman (1933) described four cases in Guntur, tbe first case observed 
was in 1930. Rau and Raman (1936) reported eight cases from Yizagapatam. 
Tbe present series consists of 25 cases. (Total number of cases 37). 

II. Classification of pellagra. 

Tbe present method of classification of pellagra as primary and secondary 
is not satisfactory. To avoid confusion, pellagra has been classified under three 
headings : — 

Group 1. Primary pellagra. — Cases with symmetrical exfoliative dermatitis 
and a distinct line of demarcation with or without the other symptoms of pellagra. 
Ten cases are included in this group. 

Group 2. Primary pellagra (with incidental disease). — The co-existent disease 
has practically nothing to do either with the onset or with the progress of the disease. 
Three cases are included in this group. One was in a case of duodenal ulcer, the 
second in a case of cerebral thrombosis with hemiplegia, and the third in a case of 
stricture of the urethra. 

Group 3. Secondary pellagra. — Pellagra occurring in the course of other 
diseases. Here the co-existent disease has either precipitated the onset of pellagra 
or made the condition of the patient worse. Twelve cases are included in this 
group. The associated conditions are : — 

Number 
of eases* 


1 . Beri-beri * . * . * . . . . . 3 

2. Diabetes mellitus . . . . . . 1 

3. After gastrectomy for duodenal ulcer . . . . 1 

4. After gastro- enterostomy for duodenal ulcer . . . . 1 

5. Tubercular peritonitis . . . . . . . . 1 

6. Mental symptoms (? present before the onset of pellagra) . . 2 

7. Leprosy . . . . . . . . . . 2 

8. Carcinoma penis . . . . . . . . 1 


III. Reports of six cases. 

Group 1 . — Primary pellagra. 

A brief summary of the cases is given below: — 

Case No. 1. Hindu male, aged 23 years, admitted on 19-1-37. He gave a history of abdominal 
prvm for four years ; indigestion, loss of appetite, and frequency of motions, for two years* For the 
last three months his condition has become worse, and dyspnoea on exertion, oedema of the lees, 
appeared. Physical examination : An emaciated individual, annemic, tongue red, epithelium destroyed 
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(Plate XXXVI, fig. 1), salivation present, no jaundice. Liver and spleen normal. Circulatory and 
respiratory symptoms normal. Nervous system was normal except for the subjective sensation of 
tingling and numbness of the upper and lower extremities. Patches of exfoliative dermatitis were 
■seen on the dorsum of both the hands, feet, on the back of the neck, and on the pinnae of both the ears. 
Blood : R.B.C. 1*16 millions ; W.B.C. 15,000 per c.mm. ; haemoglobin, 25 per cent. Colour index 1*1. 
Halometric reading 4*6. Blood smear showed anisocytosis, poikilocytosis, and macrocytosis ; 
polymorphs 71 per cent; lymph. 18 percent; mono. 8 per cent; eos. 3 per cent. Van den Bergh 
reaction: Direct positive delayed, faint; indirect positive faint. Fragility of the R.B.C. normal. 
Blood chemistry : Total proteins 5*4 ; albumin 2*2 ; globulin, 2*9, and fibrin 0*3 g. ; cholesterol 
53*49 mg. ; Wassermann reaction : Negative. Blood-pressure 108/86. Urine : Normal. Motions : 
Loose, greenish yellow in colour, contained undigested material, no ova and no protozoa. Gastric 
analysis : Stomach empty in 45 minutes, total acidity very low, free HC1 absent in all specimens, 
achylia. X-ray after barium meal : Stomach not empty in five hours ; a long retro- cecal appendix 
was seen in 24 hours’ picture. Pat analysis of stools : Total fat 31*08 ; unsoaped fat 15*2 g. ; free 
fatty acid 9*06 g. ; neutral fat 6*14 g. ; combined fatty acids 22*02 g. per cent. Electrocardiogram 
showed nothing abnormal. The patient was put on Marmite, milk, and bread diet with eggs, and liver 
soup by mouth and liver extract injections 2 c.c. every day, then on alternate days and afterwards 
twice a week. The condition gradually improved and the diarrhoea and dermatitis disappeared. 
After treatment : Blood count R-.B.C. 2*88 millions. Haemoglobin, 48 per cent. Colour index 0*8. 
W.B.C. 11,250; poly. 50 per cent; lymph. 12 per cent; mono. 12 per cent; eos. 26 per cent. 
Smear showed slight anisocytosis and poikilocytosis. Halometric reading 4*9. Blood chemistry: 
Total proteins 6*6 ; albumin 3*2 g. ; globulin 3*1 g. ; and fibrin 0*3 g., and cholesterol 134 mg. per 
100 c.c. Gastric analysis : Stomach empty in one hour, free HC1 absent in the resting juice, 
although total acidity was low, free HC1 appeared in the later specimens showing a decided 
improvement over the previous condition. A second X-ray after a barium meal showed increased 
tonicity of the stomach wall. He put on 20 lb. and was discharged cured on 14-3-37. 

Case No. 2. C. S., Hindu male, aged 14 years, admitted on 16-7-38 with a history of pigmenta- 
tion on the dorsum of both the legs, of six months’ duration, more prominent for the last three months. 
Physical examination : A fairly well-nourished boy, not anaemic, sore-mouth and tongue (angular 
stomatitis). Spleen and liver normal. Respiratory and circulatory systems normal, blood-pressure 
1 10-65. Nervous system exaggeration of deep reflexes, and a doubtful Babinski on the right side. Skin 
(Plate XXXVII, fig. 7) : Exfoliative dermatitis with well-defined margins could be seen on the dorsum 
of the' hands and feet. Blood count: R.B.C. 4*5 millions; W.B.C. 10,000; haemoglobin 80 per cent. 
Smear showed anisocytosis, poikilocytosis, and a picture of microcytic anaemia. Halometric reading 
5*2. Blood chemistry : Total proteins 4*9 ; albumin 2*9 ; globulin 1*7 and fibrin 0*3 g. per 100 c.c. 
Urine: Total ether and chloroform soluble porphyrins : 11*5 mg. per 100 c.c. Motions: No ova; no 
protozoa. Fat analysis of stools : Total fat 14*4 g., unsoaped fat 3 g. ; free fatty acids 2*226 g. ; 
neutral fat 0*774 g. and combined fatty acids 12*174 g. per cent. X-ray after barium meal : Nothing 
abnormal. He was put on liberal diet with eggs and liver soup and campolon injections 2 c.c. every 
alternate day. After treatment the dermatitis disappeared and the general condition improved. 
Electrocardiogram showed nothing abnormal. He was discharged cured on 6-8-39 before any 
further investigation could be done. 


Group 2. — Primary pellagra (with incidental disease). 

Case No. 3, R. P., Hindu male, aged 50 years, coolie, admitted on 17-12-36 with indigestion and 
ioss of appetite. He gave a history of duodenal ulcer for two years and pigmentation on the dorsum 
of both hands and feet for two months. Physical examination : A poorly-nourished anemic individual ; 
no jaundice or oedema ; spleen and liver normal. Circulatory and respirator} 7 sys terns normal. Nervous 
system : Slight anaesthesia of hands and feet. Skin : Exfoliative dermatitis on the dorsum of both 
the hands and feet. Blood count R.B.C. 2*2 millions ; W.B.C. 5,000 ; poly. 70 per cent; lymph. 13 
per cent; mono. 10 per cent; eos. 7 per cent; haemoglobin 45 per cent. Smear showed anisocytosis, 
poikilocytosis, and a picture of microcytic anaemia. Blood chemistry : Total proteins 7*0 ; albumin 
3*1 ; globulin 3*5 and fibrin 0*3 g. per 100 c.c. Gastric analysis (25-2-36) showed increase in both total 
and free HC1, suggesting cicatrizing duocleno-pyloric ulcer with obstruction. Barium meal confirmed 
tnc diagnosis. The patient was put on milk and bread diet with two eggs and 8 oz. of liver soup a 
day. Three weeks after admission the patient improved considerably and the dermatitis completely 
^appeared. After treatment (8-2-37) : R.B.C. 3 millions ; W.B.C/?, 000 ; hemoglobin 80 per cent ; 
poly. 80 per cent ; mono. 7 per cent ; lymph. 9 per cent ; eos. 4 per cent ; blood smear showed only 7 slight 
anisocytosis, and poikilocytosis and a picture of normocytic anemia. Halometric reading 4*9. Blood 
\ Total Proteins 5*7 ; albumin 4*0 ; globulin 1*3 and fibrin 0*4 g. per 100 c.c. Gastric analysis 
S i j Ve d a curve similar to the first. This patient was cured of pellagra and transferred to 
o surgical department. Operation confirmed the diagnosis of peptic ulcer. 
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Group 3. — Secondary pellagra . 

°Case No. 4. P. J., Hindu male, aged 19 years, admitted on 23-S-3S for tingling and numbness 
of tbo lower extremities with slight oedema of the legs of one and a half months’ duration. Physical 
examination : A moderately nourished individual with ansemia, angular stomatitis and superficial 
glossitis. Spleen and liver normal. Respiratory and circulatory systems normal. Nervous system : 
deep reflexes lost, superficial reflexes normal, and sensation to cotton-wool lost in both the upper and 
lower extremities. Skin showed exfoliative dermatitis with well-defined margins on the dorsum of 
both the hands and feet. Blood count: R.B.C. 4*8 millions; W.B.C. 11,000; poly. 43 per cent; 
lymph. 40 per cent ; mono. 2 per cent ; eos. 15 per cent ; haemoglobin 80 per cent. Halometric reading 
4*75. Smear showed anisocytosis, poikilocytosis, and a picture of normocytic amemia, Blood 
chemistry: Total proteins 4*2; albumin 2*7; globulin 1*3 and fibrin 0*2 g. per 100 c.c. Van 
den Bergh reaction ; Direct, positive delayed, indirect positive. Urine : Normal. Motions : no 
ova, no protozoa. Fat analysis of stools : Total fats 22 ; unsoaped fat 14*61 g. ; free fatty acid 
5*9 g. ; neutral fat 8*71 and combined fatty acid 16*1 g. per cent. Gastric analysis showed nothing 
abnormal. 

On the day of his admission his condition was typical of acute beri-beri. Slight oedema of the 
feet and a blood pressure of 110/10 with femoral arterial sounds were present. He was given 2 c.c. 
of Betaxin. Next day the osdema disappeared and the blood-pressure rose to 115/50 and in another 
twenty-four hours to 125/80. Electrocardiogram showed nothing abnormal. On 29-8-38 he was 
put on nicotinic acid (60 mg. a day) continuously for ten days. The improvement shown was at first 
only slight. At the end oi the week the general condition improved and the dermatitis disappeared. 
On 11-10-38 he got slight cedema of the legs and was put on Betaxin injections every alternate day. 
A week later symptoms of pellagra re-appeared (exfoliative dermatitis). He was again put on nicotinic 
acid (90 mg. a day), for 3 days only since the stock was exhausted. He was getting in addition cod- 
liver oil and syrup ferri iodide. The dermatitis disappeared but symptoms of beri-beri persisted. He 
■was discharged on 22-11-38. 

Case No. 5. S. S., Hindu male, aged 30 years, admitted on 5-4-38 for cedema of the feet, and 
dyspncea on exertion of ten days’ duration. This patient was originally seen on 18-9-37 in the out- 
patient department and was sent to the surgical department for operative treatment of duodenal 
ulcer. The diagnosis was confirmed both by fractional test meal and X-ray with barium. Operation 
on 13-10-37 revealed an ulcer in the first part of the duodenum and a partial gastrectomy was per- 
formed. He was discharged on 31-10-37 relieved of his symptoms. Physical examination : A 
poorly-nourished individual with anasmia and oedema of the feet. Spleen and liver normal. Circula- 
tory system normal, except for a pulmonary systolic murmur. Respiratory and nervous systems 
normal. Exfoliative dermatitis was present on the dorsum of both the feet, and according to his state- 
ment similar patches were seen on the dorsum of both the hands and disappeared only a few days 
previously. Blood count : R.B.C. 3*7 millions ; W.B.C. pofy. 50 per cent ; lymph. 15 per cent ; mono. 
12 per cent ; eos. 23 per cent. Smear showed slight anisocytosis and a picture of macrocytic amemia. 
Haemoglobin 75 per cent, colour index 1. Van den Bergh reaction : Direct negative, indirect positive. 
Fragility of R.B.C. normal. Blood chemistry : Total proteins : 4*0 ; albumin 1*8; globulin 2*0 and 
fibrin 0*2 g. per 100 c.c. Gastric analysis : 
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The second and third gastric analyses were within normal limits. The patient was put on a 
liberal diet with two eggs and 8 oz. liver soup by mouth daily and Campolon injections 2 c.c. every 
day for the first one week, and later, on alternate days. As a result of treatment the general condition 
of the patient improved, and the dermatitis and oedema completely disappeared. He was discharged 
cured on 27-5-38. 


Case No. 6. A Hindu male, aged 35 years, admitted on 26-1-38. He had been in hospita 
for influenzal pneumonia in 1937 and then showed slight symptoms of mental deficiency. Physical 
examination : A poorly-nourished individual, anaemic, tongue moist and coated. Nervous system : 
Memory and intelligence poor ; speech sometimes vague and incoherent, deep reflexes exaggerated ; 
plantar response extensor on both sides ; no inco-ordination, but muscular power feeble ; slight 
temperature between 99°P. to 100°P. Spleen and liver normal. Circulatory and respiratory sj^stems 
normal. Blood-pressure 100/78. Blood smear showed anisocytosis, poikilocytosis and a picture of 
microcytic anaemia. W.B.C. poty. 60 per cent ; lymph. 30 per cent ; mono. 3 per cent ; eos. 7 per cent. 
Urine : Normal. Motions : No ova, no protozoa. Blood chemistry : Total proteins, 3'0 ; albumin 1*3 ; 
globulin 1*4 and fibrin 0*3 g. per 100 c.c. Wassermann reaction : Negative both in blood and C.S.F. 
Skin : Exfoliative dermatitis with well-defined margins could be seen on the dorsum of both the hands 
and feet. He was put on a liberal diet with two eggs and 8 oz. liver soup daily by mouth. He was 
given Campolon 2 c.c. every day till 22-3-38, then every alternate day and then once a week and had 
his last injection on 11-4-38. On the whole he had 56 injections (112 c.c. of liver extract). His 
general condition improved and the dermatitis completely disappeared. The mental condition, 
however, remained the same. On 29-3-38 he went out ol the hospital, roamed about the town and was 
brought back the same day. Later he could only be controlled with Hy os cine injections morning and 
evening. He was transferred to the mental hospital on 19-5-38 and died there on 10-9-38. 


IV. Symptomatology. 

All types of cases from the mildest case with only a small patch of dermatitis 
to the most severe type with extreme emaciation, oedema, anaemia, diarrhoea, and 
exfoliative dermatitis are represented in this series. All cases of primary pellagra 
(with incidental disease), a few cases of primary and secondary pellagra came to the 
hospital for some other complaint ; and the diagnosis of pellagra was made either 
accidentally or in the routine examination of the patient. 

1. Skin . — Exfoliative dermatitis with well-defined margins could he seen in all 
the cases. Two cases showed only small patches 25 mm. in diameter and one case 
showed extensive exfoliation, extending over the extensor aspect of both the upper 
and lower extremities, and the whole of the back with definite line of demarcation 
on either side of the chest. The patches have a definite line of demarcation and 
are always symmetrical, but in some cases the size might be bigger on one side than 
the other ; the symmetry may be manifested only after some time. The patch 
always starts as a red hypereemic area ; after a few days it becomes dark red in 
colour, then light brown, then dark brown and finally black in colour. The whole 
process usually takes two to three weeks. After this, exfoliation takes place in large 
plaques and when the dark scales are removed, the area left behind is paler than 
normal. Extension of the patch occurs at the periphery, and when a definite line of 
demarcation is formed no further extension of the patch occurs. 

The commonest sites of the lesions are on the dorsum of hands and feet. 
Usually the patch is limited to the wrist above and proximal phalanges below. 
Sometimes it might extend to the level of the elbow. In extremely rare cases, the 
lower limit comes down to the base of second phalanges. In the lower extremities 
the upper limit usually stops short at the level of the ankle but in rare cases it may 
extend to the level of the knees. Patches are also seen on the neck, face, thighs 
and back. 
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Histopathology of the shin . — Sections of skin were examined from five cases. 

Epidermis . — The horny layer invariably shows some degree of hyperkeratosis 
without parakeratosis. The stratum granulosum is thin and stretched out. The 
stratum spongiosum in the early stages shows slight proliferative activity with 
spongiosis and a moderate amount of acanthosis. In the chronic cases this layer 
becomes thinner and the papillae tend to disappear. The stratum germinativum 
shows general increase of pigment which extends to two or three layers. The pallor 
seen by the naked eye after desquamation seems to be due rather to the thinness 
of the cuticle than to the diminution of pigment. 

Dermis . — The superficial layer shows increased activity of chromatophores. 
In later stages as mentioned above the papillae tend to disappear. In some cases 
there is oedema of the loose connective tissues of the deeper layers of the dermis, 
while others show hyalinization of the collagen bundles. Infiltration especially 
with lymphocytes and mononuclear cells are found in small circumscribed areas 
in relation with smaller capillaries and lymphatics. The lesions are slight and 
have to be looked for. This cannot be regarded as a diffuse inflammatory granulo- 
matous condition of the skin. 

In some cases hair appears thinned out and the follicles atrophied. As a rule 
sebaceous and sweat glands are normal, but in advanced cases they show slight 
atrophy. 

2. Alimentary system . — Indigestion and loss of appetite was complained of 
by 17, diarrhoea by three, and constipation by three patients. - Angular stomatitis 
and superficial glossitis were present in a mild degree in 15 cases and were severe 
in three cases. 

3. Nervous system . — Subjective sensation of tingling and numbness of the 
extremities, anaesthesia over the dorsum of both feet, and exaggeration of deep 
reflexes, with or without Babinski’s sign, were the symptoms and signs manifested. 
Three cases showed the sign and symptoms of beri-beri, two cases with leprosy 
showed anaesthesia of leprosy, and one case extensive involvement of the ulnar and 
external popliteal nerve of the left side. Two cases showed mental symptoms 
and in one of them these were so severe that he had to be transferred to the mental 
hospital. The question arises whether the mental symptoms can be attributed to 
pellagra. In one case the mental symptoms may have been of long duration and 
the onset of pellagra may have precipitated the acute manifestations. 

4. Circulatory system . — Two cases of secondary pellagra with beri-beri had 
cardiac enlargement with mitral systolic murmurs and low systolic and diastolic 
pressure with increased pulse pressure. In the one case of primary pellagra (with 
incidental disease) the heart was hypertrophied with a systolic murmur in the mitral 
area and high blood-pressure (182/112). Otherwise for occasional htemic murmurs 
heard in the pulmonary area nothing abnormal could be made out. Electrocardio- 
grams were taken in six cases, three of primary pellagra, one of primary pellagra 
(with incidental disease), and two of secondary pellagra. The case of secondary 
pellagra with diabetes mellitus showed regular sinus rhythm with prominent P 
wave in lead two and prolongation of P-R interval, evidence of myocarditis. One 
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case showed sinus tachycardia at first hut later a normal electrocardiogram was 
obtained. 

5. Respiratory system . — One case showed signs of tubercular infiltration of the 
left apex. 

6. (Edema — Was present in six cases ; of these three were associated with 
beri-beri and in the other three the causative factor was in all probability 
diminished plasma proteins. 


Y. Blood picture. 



Primary 

pellagra. 

Primary pellagra 

1 (with incidental 
disease). 

Secondary 

pellagra. 

Totals. 

j 

Macrocytic anaemia 

2 

0 

3 

5 

Normocytic anaemia . . 

0 

! 0 

1 

! 

1 

Microcytic an semi a 

4 

2 

2 

S 

Normal 

1 

1 

i 

0 

2 

Blood smear not 
examined. 

3 

o 

6 

. j 

1 9 

TOTAtS . . 

10 

3 

12 

25 


The blood was examined in 16 out of the 25 cases. Two cases showed normal 
blood picture, five cases showed macrocytic, one normocytic, and eight microcytic, 
anaemia. The diagnosis of the nature of the anaemia was based on colour index, 
halometer reading, and microscopic examination, of the smear. The fragility of 
the cells was normal in all the cases examined. The only constant finding was 
a slight leucocytosis. In some cases there was a relative decrease of polymorphs 
and a definite increase of eosinophils, which came down as a result of treatment. 
Wien large doses of liver extract were given there was definite increase of 
eosinophil cells with a relative fall of polymorphs. 

VI. Biochemical investigations. 

(1) Blood proteins were investigated in 18 cases and in six cases estimations 
were done before and after treatment. Total proteins were low except in two cases. 

. both these the albumin content was low and the deficiency was made up by 
increase in globulin. Albumin was low in all the cases and in two below 2 g. per 100 
c - c - Globulin was usually low but was above 3 g. per 100 c.c. in two cases. Fibrin 
" as norrQa b After treatment with a liberal diet with eggs and liver soup the blood 
proteins rose to normal, and the increase was mainly in the albumin content. In 
ne cases where the globulin was abnormally high, the total proteins diminished 
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as a result of treatment and resulted in the normal albumin/globulin ratio. In 
two cases of secondary pellagra, one with beri-beri and the other with nerve 
leprosy, the proteins remained low after treatment. 

(2) The blood sugar was estimated in 12 cases and was within normal limits, 
except in two cases where diabetes mellitus and renal glycosuria were present. 

(3) The blood urea was normal in 17 cases investigated. 

(4) The blood calcium and phosphorus were estimated in 15 cases and was 
normal except in one case in which both were low (7 mg. and 2T4 mg., 
respectively). 

(5) Bilirubin. The van den Bergh reaction was done in 10 cases. In four 
cases, direct delayed, and indirect positive ; in four cases direct negative indirect 
positive and in the other two both direct and indirect negative. In all the cases 
the amount was too small for quantitative estimation. 

(6) The diastase in urine was normal in four cases. 

(7) Porphyrins in urine : In one case ether soluble porphyrins only were 
estimated (4-5 mg. per 100 c.c.) and in the other case both ether and alcohol soluble 
porphyrins were estimated (11 *5 mg. per 100 c.c.). 

(8) Fat analysis of stools. — Estimation of fat in the stools was done in five 
cases, three primary and two secondary pellagra. One case showed increase in 
both the split and unsplit fat ; one case showed increase in the total fat with 
relative increase of neutral fat, a second analysis showing a normal fat content ; 
one case showed normal fat content with a relative increase of neutral fat and one 
case showed increase in total fats with defective absorption. 

(9) Gastric analysis. — Fractional test meals were done in 14 cases. Acidity 
was low in five, normal in three, and high in six cases. Advanced cases showed 
low acidity with absence of free HC1. 

VII. X-RAY AFTER BARIUM MEAL. 

Ten cases were investigated radiologically after a barium meal. One case 
showed increased tonicity of the stomach wall after treatment. No characteristic 
abnormalities were found. 


VIII. Diagnosis. 

The classical signs of well-developed pellagra are : (1) skin lesions as manifested 
by symmetrical exfoliative dermatitis with well-defined margins ; (2) gastro-intestinal 
symptoms such as angular stomatitis, superficial glossitis, and diarrhoea ; (3) nervous 
signs such as peripheral neuritis and degenerations of the spinal cord which are 
possibly due to an associated vitamin-Bj deficiency ; and mental symptoms. 
Diarrhoea and mental symptoms are usually seen only in the later stages of the 
disease. The earliest manifestation is the dermatitis, and this is the main diagnostic 
feature of pellagra. The presence of diarrhoea and nervous symptoms are additional 
factors and should . not. be considered essential diagnostic points. Symmetrical 
exfoliative dermatitis with well-defined margins occurring on the dorsum of both 
the hands and feet is diagnostic of pellagra. 
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The conditions usually mistaken for pellagra are : — 

(1) Oro-genital syndrome (Nair, 1939). — Angular stomatitis and superficial 
glossitis of pellagra simulates oro-genital syndrome but the presence of symmetrical 
exfoliative dermatitis distinguishes the latter condition. Pellagra and oro-genital 
syndrome may occur together. 

(2) Ichthyosis . — The exfoliation of the skin is present all over the body and 
there is no definite line of demarcation characteristic of pellagra. 

(3) Exfoliation of the shin in the cold weather (November, December, January and 
February). — The scales are very small, the colour is not so dark as in pellagra, the 
line of demarcation is not definite and exfoliation is more marked on the palms. 

(4) Sprue . — The diarrhoea and anaemia of pellagra can be mistaken for sprue. 
In such conditions exfoliative dermatitis is the only distinguishing feature, and 
when the dermatitis of pellagra has disappeared it is impossible to distinguish one 
condition from the other. 

(5) The mental condition may be suggestive of general paralysis or other nervous 
diseases, but the skin lesions and digestive disturbances should make the diagnosis 
clear. 


IX. Treatment. 

(1) Diet . — Except in cases with diarrhoea, the patients were put on ordinary 
Indian diet, or milk and bread diet. 

{a) Composition of ordinary Indian diet. 


Pice . . . . . . . . 1 lb. 

Bread . . . . . . 4 oz. 

[Butter . . . . . . 1 oz. | 

\ or Ghee ... . . . . f oz. J 

Coffee (milk 3 oz. ; sugar I oz.) 2 pints. 

Butter milk . . . . 4 pint. 

Gingelly oil . . . . f oz. 

Plantain . . ... . . 1 

Sugar . . . . . . . . 1 oz. 

Mutton . . . . . . . . 4 oz. 

Potatoes or vegetables . . 4 oz. 


Mutton 4 oz. may be substituted by dhal 4 oz., or fish 4 oz., or eggs 2. 
{h) Composition of milk and bread diet. 


Milk 

Bread 

Butter 

Sugar 

Coffee 

Plantain 


If pints. 
12 oz. 

1 oz. 

2 oz. 

1 pint. 

9 


In addition to these diets the patients were given 2 eggs and 8 oz. of livei 
soup daily. In one case tlie patient took his usual diet at home. 

(2) Liver . — Liver was administered either by mouth or by injections. Eight 
oz. of liver either in the form of curry or soup was given to every patient except 
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in three eases. In serious cases Canipolon 2 c.c. (intramuscularly) was given daily 
for the first few days, then on alternate days, then twice a week and finally once 
a week. The maximum amount of liver extract given to a case was 112 c.e. 

(3) Nicotinic acid . — (3 Pyridine-Carboxylic-acid). 

Seven cases, four of primary and three of secondary pellagra, were treated with 
doses of 60 mg. to 90 mg. a day. Three patients showed considerable improve- 
ment, and in one the improvement was remarkable and there was complete dis- 
appearance of the dermatitis in seven days. In two cases the improvement was 
in no way better than that shown by the other methods of treatment. One 
case, complicated by beri-beri, did not respond. 

(4) Iron . — Terri et ammonium citras (60 to 90 grains) was given in cases of 
microcytic and normocytic amemias until definite improvement was shown. 

(5) Hydrochloric acid .— Acid hydrochloric dil. (20 min. t. d. s.) was given in 
all cases showing absence or deficiency of HC1. One case did not show' any increase 
in HC1, even after the administration of acid for a long time. 

X. Discussion. 

It is now r more than two hundred years since pellagra was first described as a 
clinical entity and still many medical men consider the disease to be non-existent 
in India. Pellagra is one of the diseases in which the diagnosis is very easy if one 
knows what it is, and if one is on the look out for it. After several years of 
experience Stannus has studied pellagra from an international point of view and 
has published his monumental work (1936-37) with 273 references. Since the 
publication of this series of articles, a definite advance has been made in the 
treatment of pellagra by the introduction of nicotinic acid. 

Geographical distribution of pellagra . — Pellagra has a very wide distribution 
and if carefully looked for, can be seen in each and every country. As far as my 
observation goes, pellagra in India is seen only in the tw r o areas where beri-beri is 
endemic. But one is not justified in drawing this conclusion from a study of the 
two endemic areas. In all probability further investigation might show that the 
disease is more widely distributed in India, especially in the Madras Presidency. 

Epidemiology. 

(1) Incidence . — The majority of patients admitted to the Hospital come from 
the Koraput and Ganj am districts of Orissa Province and from Vizagapataiu, East 
and West Godavary and Kistna districts of the Madras Presidency. 

All the cases except one were from the Vizagapatam district. 



1937. 

1938. 

Totals. 

T otal admissions 

7,410 

8,165 

15,581 

Admissions in medical wards . . , 

1,402 | 

1,611 

3,013 

Number of cases of pellagra 

10 1 

11 

21 
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The incidence of pellagra was 065 per cent of admissions to the medical wards. 

(2) Age. — Pellagra has been described in young and old. In this series the 
youngest patient was a girl of 13 years and the oldest a man of 70 years. 

(3) Sex. — In the present series only two cases occurred in females. I have 
come across two more cases in females. Thus there is a decided preponderance of 
males over females. Males expose themselves more to sunlight than women. 
Whether this has anything to do with the dermatitis of pellagra is difficult 
to say. 

(4) Seasonal variation. — Almost all the cases in this series were admitted in the 
months of November, December, January, and February. Only in the year 1938 
were a few cases seen in the months of July and August. It has been suggested 
that during the cold weather people sit in the sun and this exposure to the sun’s 
rays is responsible for greater incidence of pellagra in this season of the year. 
People cover themselves up when sitting in the sun, and the only part that is exposed 
is a small portion of the hands and feet. The upper limit of the line of demarcation 
of the pellagrous dermatitis was higher than the areas exposed to the sun. 

Maize theory. — This theory is the oldest and has many supporters. In 
Italy and France the introduction of maize has been followed by the appearance of 
pellagra. In all the cases that I have come across maize can be excluded as the 
causative factor in the production of pellagra. 


Protein deficiency. — All the cases in this series except two were very poor 
and could not afford even a single meal a day. The diet of the patients probably 


consists of : — 

Rice (milled) 

16 oz. to 20 oz. 

Ragi 

4 oz. every day or every alternate 
day. 

Dhal 

2 oz. a week. 

Vegetables: brinjals, cucumber, green 

2 oz. once a week. 

beans. 

Butter milk 

6 oz. occasionally. 

Fish or mutton 

4 oz. once a week. 


Estimation of blood proteins showed a constant diminution except in two 
cases. The reduction in the albumin was the most prominent feature ; and in two 
cases it went down to the abnormally low figure of less than 2 mg. per 100 c.c. 
From these observations one is convinced that diminution of plasma proteins is a 
definite contributory factor in the production of pellagra. 

Defect in digestion of proteins is practically out of question. Normal urinary 
diastase in two of the fairly-advanced cases eliminates a pancreatic defect. Defect 
in absorption is certainly present and is marked in cases with diarrhoea. 

Vitamin deficiency. — In 1912 Deeks and Funk (Manson-Bahr, 1935) suggested 
that pellagra is due to vitamin deficiency. This vitamin is contained in the 
vitamin-B complex. It is otherwise called vitamin B 2 or vitamin Cf, or ‘ pellagra- 
preventing factor ’. Goldberger and Wheeler in America confirmed the hypothesis 
of vitamin deficiency. Goldberger and Tanner finding this vitamin efficient as a 
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prophylactic and curative agent against black tongue in dogs used it in human 
pellagra and found it effective. 

A study of both beri-beri and pellagra in tyvo areas (Guntur and Vizagapatam) 
was made. ' During the course of five years in Guntur there were more than 500 
cases (actual figures not available) of beri-beri ; but only four cases of pellagra. In 
Vizagapatam the number of cases of beri-beri are few and pellagra more than in 
Guntur. Are the relative proportions of the anti-neuritic and pellagra-preventing 
factors of the vitamin-B complex different in the diets of the two areas ? Both 
beri-beri and pellagra occurred together in three cases, and in all three beri-beri was 
the primary condition and pellagra was secondary. In one case the symptoms of 
pellagra re-appeared even after treatment with vitamin Bi and nicotinic acid. The 
only conclusion that one can draw from these findings is that deficiency of vitamin 
Bo alone is not the sole cause of pellagra. 

Deficiency of anli-ancemic principles. — Castle formulated the theory that 
pellagra, sprue, and pernicious anaemia, were due to deficiency of anti-anaemic factor. 
In cases of pellagra with macrocytic anaemia all the three factors, viz., deficiency of 
intrinsic factor, deficiency of extrinsic factor, and defect in absorption, are present 
either singly or in combination. In cases with normocytic and microcytic anaemia 
the defect is in the extrinsic factor and absorption. Therapeutic tests with injec- 
tions of liver extract will convince one that there is a defect of anti-anaemic principle 
in pellagra. 

Dermatitis of pellagra. — The first question that has to be decided is whether the 
condition is an inflammatory or a degenerative lesion. From a study of the micro- 
scopic appearances of the skin there is slight inflammatory infiltration of the dermis 
with lymphocytes and mononuclear cells. Degenerative changes are seen in the 
later stages. Does the distribution of dermatitis suggest a trophic disturbance ? 
In the only case of hemiplegia in this series the patches were symmetrical. 

Gastric lesions in relation to pellagra . — Deficiency of acidity with absence of 
free HC1 in pellagra is a well-established fact (Niles, 1923). Whether this 
condition is a contributory factor or not in the production of pellagra is a disputed 
point. Two cases showed definitely that a deficiency of HC1 as a result of gastrec- 
tomy and gastro-enterostomy may be responsible for the production of pellagra. 
Petri, Norgaard and Bing (1938) demonstrated clinical and .pathological -changes 
similar to those of pellagra produced by gastrectomy in young pigs. In advanced 
stages of pellagra there is always a deficiency of total acidity with absence of free 
HC1. Pellagra is also seen in cases of active duodenal ulcer. 

Nicotinic acid and pellagra . — In 1911 Punk {Brit. Med. Jour., 1939) isolated a 
substance that cured polyneuritis in experimental' animals which was found to be a 
compound of nicotinic acid with a pyridine base. Since nicotinic acid was not the 
anti-neuritic factor he did not proceed further. In 1937 Elvelijem and his 
associates {Brit. Med. Jour., loo. cit.) found that liver extract cured black tongues 
in dogs and nicotinic acid is the active principle or the ‘pellagra-preventing 
factor in the liver extract. Later nicotinic acid has been used in the treatment 
of pellagra in man and has been found to be very efficient. Recent American 
literature is full of articles advocating the use of nicotinic acid in the treatment of 
pellagra (Shattuck, 1938 ; Spies, 1938 ; Spies et al., 1938), and dramatic results are 




Fig. 1. (Case 1.) Angular stomatitis and superficial Fig, 2. Dermatitis around the neck, 

glossitis. 










Platf XXXVII. 



Tig. 5. Dermatitis on the dorsum of both the hands, Dig, 6, Dermatitis on the inner aspect of the right 

thigh. 



Fig. 7. (Case 2.) Dermatitis on the dorsum of Fig. 8. Dermatitis of the back. Side view shou Wg 

both the feet ; later view. line of demarcation. 




Plate XXXVIII. 



Pig. 9. Microphotograph (low power) showing Fig. 10. Microphotograph (high power) showing 

hyperkeratosis, inflammatory infiltration of the hyperkeratosis spongiosis and inflammatory infiltration 

dermis and intact sebaceous and sweat glands. of the dermis. 



i . F,? ; Microphotograph (low power) showing 
t\ pcrkcratosis ; slight flattening of the papillae; 
inflammatory infiltration and oedema of the dermis, 
phones lS dcfiuitc increase of pigment in chromato- 
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reported within 24 hours after its administration. Swaminathan (1938) working 
on the nicotinic-acid content of foodstuffs found the lowest value for maize and 
highest for yeast. My experience is restricted to the treatment of seven cases. 
The dosage adopted was from 60 mg. to 90 mg. a day by mouth. Larger doses 
were not given for fear of toxic symptoms. Three patients showed improvement 
and in one of them the improvement was remarkable. In two cases, the improve- 
ment was not in any way better than that obtained by the other methods of 
treatment. In one case nicotinic acid has been a failure. The maximum dosage 
was 1,080 mg. in twelve days. Assuming that nicotinic acid is the pellagra- 
preventing factor in liver extract, one has to take into consideration the other 
fractions also in the liver extract. Crude liver extract contains (1) an alcohol- 
soluble fraction necessary for the macrocytic anaemia of pellagra, (2) a water- 
soluble fraction necessary for the cure of microcytic anaemia, (3) an anti-toxic 
principle necessary to neutralize the toxins if any, and (4) an unknown fraction. 
The more crude the liver extract the more efficient it is in the treatment _ of 
pellagra. In one case administration of nicotinic acid although producing 
temporary improvement in the symptoms did not prevent their recurrence. Two 
cases (not included in this series) were given 50 mg. intramuscularly and the 
results were better than by oral administration. There were no toxic symptoms 
in any of the cases. 


XI. Conclusions. 

1. Pellagra has a wide range of distribution. Yizagapatam where rice is the 
main article of diet is an endemic focus for pellagra. 

2. Pellagra has been classified under three headings : (a) primary pellagra, ( b ) 
primary pellagra with incidental disease, and (c) secondary pellagra. 

3. Symmetrical exfoliative dermatitis with well-defined margins was the 
main diagnostic feature of pellagra. 

4. All the three types of anaemia — macrocytic, normocytic, and microcytic — 
were found to occur in the cases observed. The majority showed microcytic 
anaemia. Normal blood picture was restored after treatment. 

5. Total blood proteins were low, especially the albumin. The cholesterol 
was decreased. As a result of treatment both proteins and cholesterol were 
restored to normal. 

6. Low acidity with absence of free HC1 was a feature in some cases. 
Gastrectomy in one case and gastro-enterostomy in another was responsible for 
pellagra. Increased acidity also can occur in pellagra. 

7. Increase in total fat with a relative increase of both neutral and split fat 
was a constant finding. 

8. Treatment consisted in a liberal protein diet, with eggs and liver soup by 

mouth ; iron in cases showing microcytic and normocytic anaemia ; hydrochloric 
acid in cases showing low acidity with absence of free HC1 and intramuscular injec- 
tions of liver extract 2 c.c. every day or on alternate days depending upon the 
condition of the patient. 6 1 

^tcotmic acid by mouth was tried in seven cases, with definite improve- 
ment in three cases. J uve 

J, MR 
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The functions of the liver are many and varied and hence the measurement 
of the functional efficiency of the organ has always been a most difficult task for 
laboratory workers. Several of the specific functions of the organ have been 
utilized from time to time as a means for detecting the presence of hepatic damage 
and, in some instances, of gauging the extent to which such damage has occurred. 
Tests based on the glycogenic function, e.g., the laevulose or galactose tolerance 
tests, on the power of withdrawal of toxin, e.g., dye tests (plienoltetrachlorphthalein 
or bromsulphalein test), on the formation of bile pigments, e.g., van den Bergh 
test, etc., are fairly well known and have been commonly used in hospitals and 
clinics. A number of tests based on the de-toxicating function of the liver have 
also been devised, e.g., phenol-conjugation test (Foster and Kahn, 1916), camphor 
test (van-Dooren and Destree, 1924), aspirin test (Beaumont and Dodds, 1931), 
etc., but these are rarely used in clinical practice. None ot the numerous func- 
tional tests so far described, however, have been shown to be absolutely reliable 
and satisfactorj^, and the search for a suitable test still continues. Of late, the 
researches of Quick (1933) and Boyce and McFetridge (1938) have drawn atten- 
tion to the possibility of using the hippuric-acid conjugation mechanism of the liver 
as a measure of the efficiency of the organ. While engaged in studying certain 
phases of the toxicity of chloral hydrate in dogs, we (Mukerji and Ghose, 1939) 
have made some observations regarding its urinary elimination in normal and liver- 
damaged animals which promise to offer a new and fairly sensitive test for gauging 
the de-toxicating efficiency of the liver through its glucuronic-acid conjugation 
mechanism. 

One of the primary mechanisms through which the liver de-toxifies poisons, 
both of metabolic and extraneous origin, is its power of c conjugation ’ whereby 
toxic products are rendered non-toxic by combination with a variety of substances 
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of which glucuronic acid is the most important. This * conjugation function ’ of 
the liver is brought into play when certain drugs, e.g., chloral hydrate, aspirin, 
menthol, etc., are introduced into the body. Pharmacologists have shown that 
chloral-hydrate administration in ordinary doses results in its primary conversion 
into trichlorethyl alcohol, which is later conjugated with glucuronic acid and is 
excreted as the non-toxic urochloralic acid according to the following reaction 

CCI3.CHO — > CCl 3 .CH 2 OH -f CHO.(CHOH) 4 .COOH — > CCl 3 .CO (CHOH) 4 .COOH. 

(Chloral) (Trichlorethyl (Glucuronic acid) (Urochloralic acid) 

alcohol) 

This method of excretion as urochloralic acid accounts for nearly the whole 
of the chloral administered, though a small part of it may be excreted unchanged 
or as inorganic chlorides. Because conjugation plays such a prominent part in 
determining the ultimate fate of chloral hydrate the integrity and efficiency of the 
liver, the only site of glucuronic-acid formation and conjugation (Hemingway el al, 
1934) assumes supreme importance. If this organ fails to function properly and 
to elaborate glucuronic acid to the same extent as under normal conditions, it is 
conceivable that chloral- hydrate conjugation may not take place with as much 
facility and with the same degree of completeness as before, and free chloral, which 
has escaped conjugation, may make its appearance in the urine. An estimation of 
this therefore is likely to afford an idea of the functional state of the organ. The 
following experiments have been planned to prove the above hypothesis. 

Methods. 

Animals and their treatments . — Y oung healthy dogs weighing on an average 
between 4 - 0 kilo and 6-5 kilo were selected and were placed under identical condi- 
tions in metabolism cages provided with platforms especially designed for urine 
collection. Cooked meat, boiled rice, and bread crumbs formed the chief items in 
the daily diet which was kept as constant as possible during the whole period of 
experimentation. Water was allowed freely 4 to 5 times a day but no source of 
water allowed to be retained inside the cages to avoid an increase in the total urine 
volume due to accidental spilling by the animals. Female dogs were especially 
chosen to prevent urination outside the cages. A week was allowed for the animals 
to get used to the laboratory conditions before experiments were started. 

Altogether 8 dogs were used. These were divided into three batches. Four 
dogs (Nos. 3, 5, 7, and 9) served as controls and in these 200 mg./kg. of chloral 
hydrate was administered by stomach-tube and the 24-hour urine was analysed 
for the presence of free chloral the next day. In other 4 dogs, liver damage was 
brought about by the oral administration of carbon tetrachloride. In dogs (Nos. 
4 and 6) after the normal response to administered chloral hydrate (200 mg./kg.) 
was determined by estimating free chloral in urine, only a very mild grade of 
damage was induced by the administration of one or two doses (1 c.c. to 2 c.c. per 
kilo) of carbon tetrachloride. In the remaining two animals (Nos. 1 and 2) a very 
chronic type of damage was caused by the intermittent administration of the drug 
(0 - 25 c.c to 2 c.c. per kilo) every second or third day for 4 to 5 months according 
to the method of Lamson and Wing (1926). In all these 4 liver-damaged animals, 
chloral hydrate was^ again administered in identical dosages as in the control 
animals and their urine samples tested for the presence of free chloral. 



B. Mukerji and R. Ghose. 


759 


Analytical methods . — Tlie method described by Friedman and Calderone (1934) 
was used. The colour reaction which forms the basis of the test is given only by 
compounds of the R-C-halogen-s group. It is therefore applicable only to free 
chloral or at most to chloral which has been very little modified. The presence 
of 00 ) 4 , even if it is excreted in the urine in minute traces which is not usual (Robbins, 
1929), is not likely to affect the result. When conjugated with glucuronic acid, 
chloral does not develop the pyridine colour. The test, in brief, is as follows : — 

In a test-tube are placed 2 c.c of NaOH (4 per cent) solution, to which are 
added 1 c.c. pyridine (colourless) and then 4 c.c. urine. In a similar tube are placed 
the NaOH and pyridine and 4 c.c. of a solution of chloral hydrate containing 
0'05 mg. to 0’025 mg. per c.c. (1 : 20,000 to 1 : 40,000) as standard. The two 
tubes are dipped in a water-bath for 1 minute and then cooled in an ice-bath for 
1 minute. Six c.c. of water are then added to each and the solutions compared 
for intensity of colour in a colorimeter within 10 minutes. The pink colour which 
develops is often masked by the yellow pigment of the mine, rendering comparison 
with the standard difficult. A modification which was fonnd convenient was 
the shaking of the mine with a small quantity of animal charcoal for about 
15 minutes, allowing it to stand for another 15 minutes and then filtering. More or 
less complete de-colorization occurs and the urine can then be used for carrying out 
the test as described. 

Experimental results. 

The average excretion of free chloral following the administration of 200 mg./kg. 
of chloral hydrate in apparently normal dogs is shown in the Table I. It will 

Table I. 

’ Showing excretion oj free chloral hydrate in 2A-hour urine jollowing oral 
administrations of the drug ( dose 200 mg./kg.) in 
apparently normal dogs. 

Total excretion of free chloral hydrate in 24-hour 

URINE, FOLLOWING THE ADMINISTRATION OF 200 MG./KG. 

OF THE DRUG (FIGURES GIVEN IN MG.). 

Experiments. 

I 2 

1-5 Nil 
Nil 1-25 

5 2 

Nil 3-7 

7 ' 5-9 | 4-9 5*4 

9 6-3 4-5 5-7 


3 

4 

5 

6 

1*5 

4*5 

Nil . 

Nil 

Nil 

, . 

, , 

# # 

Nil 

Nil 

2 

3-5 

Nil 

. . 

| • • 1 


4*S 

. , 



3*9 

i 

1 !! 

i 

•• 



* Also included in Table II. 
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be seen that the figures range between nil and about 6 mg. in 24-hour specimens 
(see bottom of Graph 2). Either there is no development of pink colour in the 
test-tube or a very faint pink colour is all that is noticeable in the majority of 
experiments. 

Table II shows the average excretion in four dogs which received hepatoxic 
doses of carbon tetrachloride. The column on the top represents the excretion in 
2 dogs where only one or two doses of carbon tetrachloride (1 to 2 c.c. per kg.) were 
administered. According to Gardner et al. (1925) fatty infiltration and early central 
necroses resembling the liver changes in acute yellow atrophy could be produced 
within 24 to 48 hours by this drug in doses of 0’25 c.c. to 4 - 0 c.c. per kilo. In dog 
No. 4, which previous to the initiation of liver damage showed only negligible excre- 
tion of chloral hydrate ( see Table I), a significant increase of free chloral in urine 
after carbon-tetrachloride damage was easily evident. This increase was maintained 
for several days. On the 12th day, the dose of carbon tetrachloride was repeated 
and when the liver was exposed to this fresh dose of the poison, there was further 
increase of the free chloral in the urine. On allowing sufficient rest to the organ, 
there is a tendency for the damaged liver to undergo repair and regeneration and 

Table II. 


Shoiving excretion of free chloral hydrate in 24 -hour mine after oral 
administration of the drug (200 mg. /kg.) in dogs with acute 
and chronic liver damage. 




Total excretion of free chloral hydrate in 24-hour 

URINE AFTER 200 MG./KG. OF THE DRUG 
(FIGURES IN MG.). 

'ixr**;**!.* 

number. 

in kg. 



Experiments. 






1 2(3 

.... . I 

4 

5 

I 

6 

7 

8 

9 

10 11 

12 

Acute liver 
damage. 1 

i 4 

i 

l 

1 

5-5 8-5 15 J 10 I 

1 

15 

14 

15 

8 

IT! 

6 

•• 


*• 

1 

l G 1 

6-4 13-5 1 14 j 12 

1 

1 

1 

| ’ ’ 

• • 


1 

• * 

• ■ 

* * 

Chronic liver j 
damage. 

t 1 

1 

| 6-3 30 25 17 

14 

20 

! 

1 14 ! 

1 

16 

19 

21 

18 20 

20 

l 2 

, 6-1 25 17 20 

1 

1 1 

1 12 

1 

12 

18 | 

i 

12 

12 

14 

14 15 

18 

In dogs I 

!S OS. 1 l 

md 2, CC1 4 ’svas administered every alternate day throughout the period of 

experiments. 

In No. 6, CC1 4 

In No. 4, CC1 4 vas only administered before the 1 
was only administered once before the first experiment. 

st and the 4th experiments. 


Excretion of free chloral 
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this is reflected in tlie gradual decrease of the free chloral elimination ( see Graph 1). 
Dog No. 6 also showed an increase after the first dose of CClj but this has, as yet, 
not been followed up to the same period as dog No. 4. 


Grai-h 1. 



Days. 


Ihe bottom column of Table II represents the data in 2 dogs (Nos. I and 2) 
''here a chronic cirrhosis and liver injury was brought about and maintained during 
ie period of experimentation by intermittent administration of liepatoxic doses of 
car ion tetrachloride. A dozen experiments were performed in these two, animals 
been n, hydrate (200 mg./kg.) being administered. There has always 

n m.l T j increase in free chloral elimination in these animals as evidenced bv 

04 i‘ , ed j . ee P P lnk colour, the figures ranging between 12 mg. and 30 mg in 
-'i-hour specimens (see also Graph 2). ° S ‘ m 


Excretion of free chloral. 
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Graph 2. 



Experiments. 


A = dog No. 1, B = dog No. 2, 0 = dog No. 5, D — dog No. 3. 


Discussion. 

From the foregoing data, it is evident that under normal conditions in 
apparently healthy well-fed dogs, oral administration of a dose of chloral hydrate 
(200 mg. /kg.) gives rise to either no appreciable excretion of free chloral or to only 
very limited amounts of free chloral in 24-hour urine. In six dogs of our series 
the maximum excretion never exceeded a total figure of 6 mg. in 24-hour urine. 
In liver-damaged dogs, on the other hand, there is always a significant increase in 
the amount of free chloral excretion. The increase is seen not only in the dogs 
which have been exposed to carbon tetrachloride for a long time and whose livers 
are presumably very severely damaged, but also in those who have been under the 
influence of the poison for a comparatively short period. Even after one adminis- 
tration of carbon tetrachloride, the leakage of free chloral becomes evident. This 
indicates that free chloral elimination may be employed as a criterion of liver damage 
even in the early stages, an advantage not possessed by many other tests. The 
test further appears to be a very sensitive one and as low as 0'01 mg. per c.c. (O'OOl 
per cent) of chloral in solution can be quantitatively determined. 

The question naturally arises as to whether this criterion can be used as 
a measure of hepatic efficiency in clinical practice. Theoretically and in the 
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conditions of our experiments, the test for free chloral after the administration of a 
known dose of the drug appears to be sound. The writers’ experiences are entirely 
limited to laboratory conditions and unless a fair trial in the clinic is possible, it is 
too premature to offer any opinion. 

A difficulty that may be anticipated in giving this method a trial in clinical 
practice is the rather large dose of chloral hydrate (200 mg. /kg.) employed in our 
experiments on dogs. If such a large dose of the diagnostic agent has to be employed 
in eliciting the response, it may be toxic in itself and would obviously be unsuitable. 
Our dose of chloral hydrate in dogs was chosen as the best suited in the laboratory 
for giving a significant rise in the excretion of conjugated glucuronic acid which we 
were estimating in connection with another investigation. Later on, we found 
that a smaller dose of chloral hydrate (100 mg./lcg.) may also serve the purpose. 
Further work, however, is necessary before it will be possible to suggest the 
minimum dose of chloral hydrate that may be employed to elicit a satisfactory 
and measurable response. From certain preliminary experiments that we 
performed, it may be definitely stated that chloral hydrate is not as toxic as is 
generally believed and quite a high dose may be given in clinical cases without toxic 
manifestations to the heart and circulation. Further work on this line is in 
progress. 

Summary. 

1. The administration of chloral hydrate in a dose of 200 mg./kg. to 
apparently normal healthy dogs results either in no urinary elimination of free 
chloral or in the elimination of free chloral in negligible amounts. 

2. In dogs with acute liver damage brought about by the oral administration 
of one or two hepatoxic doses of carbon tetrachloride, and in dogs with chronic 
extensive liver damage through the same drug administered intermittently every 
second or third day for £ to 5 months, chloral hydrate administration in doses of 
200 mg./kg. brings about a significant and well-marked increase in the level of 
excretion of free chloral. 

3. It is suggested that this difference in the level of free chloral elimination 
may be used as a measure of liver function in human cases. The test is fairly 
sensitive and promises to be a reliable measure of one of the most important 
metabolic functions of the organ. 
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The liver has long been regarded as an important detoxifying organ of the 
body. One of the primary mechanisms through which it protects the body against 
the constant entry of toxic products by the portal route is its power of 
‘ conjugation ’ whereby the toxic products are rendered innocuous by coupling 
with a variety of substances, such as glycine, glucuronic acid, glutamine, 
cysteine, etc. Of these, glucuronic acid occupies a unique position since it is 
extensively utilized for this purpose by animals, especially by man. Thus, when 
certain toxic drugs, e.g., aspirin, chloral hydrate, etc., are introduced into the 
system, they combine readily with glucuronic acid and are excreted as non- 
toxic conjugated glucuronides. As this process depends to a large extent on 
the efficiency of the liver, attempts have naturally been made from time to 
time to develop hepatic-efficiency tests based on this ‘ glucuronic function ’ of 
the organ. Van Dooren and Destree (1924) suggested a liver-function test by 
giving 1 g. of camphor by the mouth and testing the urine for conjugated 
glucuronide by Grimbert-Bernier’s colour reaction. Beaumont and Dodds (1931) 
described a similar test by administration of aspirin. However, no satisfactory 
clinical application was made of the principle underlying this test, probably 
owing to the fact that the tests for detection of conjugated glucuronides in urine 
available to these workers were only qualitative and not altogether reliable. 
Considerable doubt also existed (Quick, 1927) as to whether the liver was the only 
organ responsible for detoxication or whether other organs, as the kidney for 
example, might take part in the process. 

During the last few years interest in the study of the detoxication mechanisms 
and the functional efficiency of the liver under experimental conditions has been 
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renewed. Evidence had been secured tliat the production of glucuronic acid is 
influenced by liver injury or liver disease (Nishimura, 1935 ; Boku and Kin, 1931 ; 
Nazarjanz, 1931, 1934 ; Persova, 1930). Convincing experiments have been re- 
ported by Hemingway el al. (1934) that the conjugation of drugs, such as aspirin, 
chloral hydrate, menthol, and borneol, with glucuronic acid takes place mainly, if 
not entirely, in the liver. Salt (1935), after detailed investigation, has proposed 
a new modification of Pollen’s naphthoresorcinol test by which the previous diffi- 
culties and disadvantages attending the determination of conjugated glucuronide 
in the urine could be overcome. In view of the importance of determining the 
de-toxicating efficiency of the liver in clinical medicine, it was thought profitable 
to re-investigate the problem in the light of the modern developments, and to see 
whether any definite correlation could be found between different degrees of liver 
damage and the rate of excretion of conjugated glucuronic acid. 

Methods. 

Animals and their treatments . — Rabbits and dogs were used as our experimental 
animals. A group of 12 young healthy rabbits weighing on the average 1 kg. to 
1-5 kg. and 4 dogs Aveighing 4 - 5 kg. to 6'5 kg. were chosen and Avere placed under 
identical conditions on a standard diet (consisting of green grass, cabbage or lettuce, 
soaked peas, and carrots, for rabbits ; and cooked meat, rice, and bread, for the 
dogs) in metabolism cages. Water was allowed ad lib. Arrangements were made 
to collect 24-hour urine samples daily, only female dogs being used to prevent urine 
wastage. A week was allowed for the animals to get accustomed to the laboratory 
conditions and to the diet before experiments were started. During this period, 
the normal level of day-to-day glucuronic-acid elimination was determined both 
in the rabbits as Avell as in the dogs. The animals Avere then treated in the following 
manner : — 

(1) Chloral hydrate, in gradually increasing doses (starting Avitli 50 mg./kg.), 
Avas administered by means of a stomach tube to these animals until a dose was 
attained at which an appreciable increase in the urinary excretion of conjugated 
glucuronic acid was observed. (This dose has been termed, for the sake of con- 
venience, the ‘ effective dose ’.) Salt ( loc . cil.) suggested the use of aspirin on the 
ground of its being the least toxic of the glucuronogenic drugs. Chloral hydrate 
was chosen in our experiments partly because we were interested in the pharma- 
cology and toxicology of the drug and partly because Ave Avere convinced from 
previous experiments (unpublished) that chloral hydrate was certainly not as toxic 
as was usually believed. Eurther, its hypnotic action was helpful in the study 
of its blood clearance which we had also undertaken. By repeated trials, a dose 
varying from 250 mg. to 450 mg. per kilo body-weight was found to bring about an 
increased excretion in the rabbits. On the other hand, dogs required very much 
less, a dose of 150 mg. to 200 mg. per kilo being usually sufficient. Individual 
variations in regard to their response to administered chloral hydrate were much 
less marked in the dogs than in the rabbits. 

(2) Experimental liver damage was then brought about in these animals by 
the ingestion of sloAvly increasing doses of carbon tetrachloride (chemically pure). 
Gardner et al. (1925) had found that fatty infiltration and necrosis resembling the 
liver changes in acute yelloAV atrophy and chloroform poisoning could be produced 
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within 24 to 48 hours by doses of carbon tetrachloride as low as 0‘176 c.c. to 0’25 c.c. 
per kg. We therefore started with a higher dose of 0-5 c.c. per kilo which was sure 
to cause liver damage. In some experiments, this dose was increased to 1-0 c.c. 
or 1'5 c.c. per kilo. Any attempt to introduce a larger dose (e.g., 2 c.c. per kilo) 
was usually unsuccessful and attended with fatal results. As our idea was to produce 
a chronic liver damage and as the liver tissue had been shown to possess a tremen- 
dous capacity for quick regeneration, the dose of carbon tetrachloride was repeated 
every 2nd or 3rd day. Lamson and Wing (1926) poisoned dogs with 0 - 25 c.c. to 
4’0 c.c. per kilo of carbon tetrachloride, given every other day for a period of approxi- 
mately four months, and showed that under such conditions the liver underwent 
tremendous necrosis and scar-tissue formation resembling early cirrhosis of the liver. 
Bollmann and Mann (1932) also showed that long continuous administration of 
carbon tetrachloride to dog resulted in cirrhosis of the liver. We adopted the 
method of intermittent administration of carbon tetrachloride to our dogs every 
alternate day for 18 to 20 weeks. Regularity of administration was generally 
maintained though sometimes there was a break due to Sundays and holidays inter- 
vening. It was not considered necessary to go beyond a dose of 2'0 c.c. to 2*5 c.c. 
of CC1 4 per kilo as recommended by Chandler and Chopra (1926). This dose was 
found sufficient to produce the desired liver damage amounting to 50 to 75 per 
cent of liver destruction. There was often a tendency on the part of dogs to vomit 
or to be purged when the maximum dose (4 c.c. /I kg. or more) prescribed by Lamson 
and Wing was tried. This might have vitiated the results as it was difficult to 
ensure the absorption of the whole dose. 

(3) The liver-damaged rabbits and dogs were then given chloral hydrate in 
doses that were found from previous experiments to be the * effective dose ’ 
for each animal (250 mg. /kg. to 450 mg./kg. in rabbits and 200 mg./kg. in dogs). 
Chloral hydrate was administered on the day following carbon tetrachloride 
administration and the determination of conjugated glueuronide carried out the 
day after. According to Gardner et al. (loc. cit.) liver damage due to carbon 
tetrachloride should be sufficiently well marked at this time, and the failure of 
liver function, if any, should be reflected in the excretion of conjugated glueuronide 
in urine. 

A point worthy of note in this connection is the extreme susceptibility of the 
rabbit to carbon tetrachloride and chloral hydrate administration. Even under the 
best of experimental conditions, we lost a few animals within a comparatively short 
time. Apparently after liver damage, the rabbits could not stand high doses of 
chloral hydrate for a long time. The dogs, however, tolerated this treatment fairly 
well. We lost one dog in the middle of our experiments owing to circumstances not 
directly connected with the technique, but the remaining dogs behaved well, two of 
them having withstood as many as 60 administrations of carbon tetrachloride and 
nearly as many administrations of chloral hydrate in about 18 weeks. The dogs, 
however, lost weight towards the latter part of the experiment and looked listless 
and apathetic. There -was also a marked diminution of their normal appetite. 
Both the dogs showed a peculiar erythematous condition of the skin attended with 
dmyse pustular eruptions and loss of hair. This latter effect is probably due to the 
action of chloral hydrate on cutaneous blood vessels or to its excretion through skin 
m minute traces. 
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Analytical methods . — The estimation of conjugated glucuronic acid in urine 
was carried out by Salt’s modification ( loc . cit.) of Tollen’s naplithoresorcinol test. 
As the quantity of urine voided during 24 hours varied a good deal from animal to 
animal and from day to day in the same animal, it was found convenient to do the 
estimations on a quantity of urine which represented a definite proportion (1 /15th 
fraction of total in the rabbit and 1 /50th in the dog) of the total amount excreted. 
In this way, the error due to the multiplication factor was avoided and the quantita- 
tive results of day-to-day experiments coidd be made comparable. The final blue- 
violet colour of the ethereal extract (pure ether of ana3sfchetic quality was used 
throughout) was examined in a Pulfrich Photometer using filter No. S-53 with a 
wave-length of 530 ji and the result was expressed in terms of the colour absorption 
(extinction coefficient), which according to Salt (loc. cit.) is roughly proportional to 
the quantity of glucuronic acid excreted. As a specimen of pure glucuronic acid 
could not be secured, the figures were not corrected and expressed in terms of milli- 
grams of glucuronic acid. However, as the results presented are purely compara- 
tive, this is not likely to affect the conclusions drawn from these observations. * 

Experimental results and comment. 

The daily excretion of conjugated glucuronic acid in 24-hour samples of urine 
and the average rise in its excretion following chloral hydrate are represented in 
Table I. It will be seen that in the rabbit, the normal glucuronic-acid excretion 
is rather low and varies only slightly from day to day (range between 1 and 4). In 
the dog, the average normal excretion is very much higher (range between 40 and 
60). The ‘ effective dose ’ of chloral hydrate necessary to bring about an increase 
in the level of the conjugated glucuronic-acid excretion varies considerably in the 
rabbit, a dose of 250 mg. /kg. being sufficient for some, while others require as much 
as 450 mg. /kg. The normal level of glucuronic-acid excretion in the dog, on the 
other hand, is fairly high and comparatively smaller amounts of chloral hydrate 
(150 mg. kg. to 200 mg. /kg.) are necessary to bring about an increase. These 
differences are significant and indicate that probably the metabolic processes 
resulting in the conjugation with glucuronic acid in the system are different in 
the herbivorous and carnivorous animals. 

The excretion of conjugated glucuronic acid following administration of 
‘ effective doses ’ of chloral hydrate in rabbits poisoned with carbon tetra- 
chloride is shown in the Table II. Only in three animals (Nos. 1, 2, and 3) 
could carbon tetrachloride be administered in 10 to 11 successive doses, while 
most of the remaining animals succumbed between 1 and 3 administrations. 
These rabbits began to show a decrease in weight and appetite after the 4tli or 
5th administration of carbon tetrachloride and histological examination of the 
livers secured post mortem revealed in all of them an extensive fatty infiltra- 
tion and central portal necrosis ( see Plate XXXIX, figs. 1 and 2). A com- 
parison of the. rates of excretion of conjugated glucuronic acid before and after 
liver damage in these animals reveals three distinct phases : a phase of initial 
but very temporary decrease, followed by a, definite increase of short duration, 
which again gives place to an ultimate decrease in the conjugated glucuronic-acid 
excretion. This last, phase of decreased excretion is noticeable quite late in the 
course of the experiments and is almost a terminal event. In the majority 




Fig. 3. 


Fig. 4. 


Figs. 1 and 3. Microphotograph of sections of normal livers of rabbit and dog, respectively. 


Figs. 2 and 4- Microphotograph of sections of livers damaged by oral administration of carbon 
tetrachloride. Note widespread fatty degeneration. Fig. 2 from rabbit No. 6, 
still shows about 30 to 40 per cent of viable liver cells. Fig. 4 from dog 
No. 2, shows a more extensive degeneration and practically the whole liver is 
honeycombed with fatty deposits. In chronic cases of liver damage, strands of 
fibrous tissue gradually replacing degenerated cells are also seen (see arrow in 
Fig. 4). 









Graph 1. 




Successive administrations of carbon tetrachloride. 

Graphs 1 nwl 2 demonstrate the excretions of conjugated glucuronide in dogs Nos. 1 and 2, respectively. 

The straight lines represent the normal daily average excretions (A) and the average 
daily excretions in normal animals after effective doses of chloral hydrate (B). The 
curved lines (C) represent the daily excretions following effective doses of chloral 
hydrate in poisoned animals. 
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of tlie remaining animals a phase of increased excretion of glucuronic acid is evident 
at the beginning which is later followed by a decrease. Only in the case of a few 
was a phase of decreased excretion not at all apparent, the animals dying within 
comparatively short time with a rather high level of conjugated glucuronic-acid 
elimination. * It is conceivable that these animals died before the liver damage had 
progressed to that advanced stage when the decreased excretion would be manifested. 
This supposition is strongly supported by the histological examinations of the livers 
of two rabbits (Nos. 7 and 16) which showed only hydropic changes, poor staining 
properties, and a fatty infiltration of a very minor character without any demon- 
strable necrosis around portal vein, in sharp contrast to the other rabbits which 
withstood repeated doses of carbon tetrachloride and chloral hydrate. 

Table III summarizes the findings in the three dogs where satisfactory experi- 
ments could be performed. Of these, two dogs were brought to a stage of chronic 
liver damage resembling early cirrhosis of the liver by intermittent administrations 
of as many as 60 doses of carbon tetrachloride (See Plate XXXIX, figs. 3 and 4). 
The effects on the conjugated gluc.uronic-acid excretion following the admin- 
istration of 200 mg./kg. of chloral hydrate at various stages of liver damage 
were observed in these animals regularly and the data are represented in 
Graphs 1 and 2. In both these, an initial phase of irregular excretion (decrease 
or increase) was followed by a well-marked increase. This increase was main- 
tained for a fairly long period though day-to-day variations in the level of 
excretion was not uncommon. After 40 to 50 intermittent administrations of 
carbon tetrachloride, a phase of decreased excretion became evident and this 
decrease was apparently maintained up to the end of the period of experi- 
mentation. In dog No. 4, where only six doses of carbon tetrachloride were 
administered, a definite increase was seen from the beginning. 


Discussion. 

The results of our experiments bring out several points which need further- 
comment. One interesting observation is the difference in the rabbit and the dog 
of the normal level of glucuronic-acid excretion and of the ‘ effective dose 5 of chloral 
hydrate required to cause a significant increase in the excretion of conjugated glucuro- 
nic acid. The rabbit has a very low output and requires a comparatively higher • 
dose of a glucuronogenie drug to produce an increase in the elimination of conjugated 
glucuronic acid. The question therefore naturally arises as to whether the process 
of detoxication of chloral hydrate or similar drugs is essentially different in the 
two animals. Detoxication, which consists essentially in the destruction of a toxic 
compound or in changing a physiologically active chemical group to one which is 
less so, is brought about by one or other of the processes of oxidation, reduction, or 
conjugation. It is possible that in the rabbit the processes of oxidation and reduc- 
tion may play a more important part than conjugation, whereas in the dog the re- 
verse may be the case. This speculation gains support from the statement of Quick 
(1937) that some amount of glucuionogenic drugs may be destroyed in the body 
by oxidation. Pryde and Williams (1936) corroborating the earlier work of Quick 
(1928) found that in man, only about 80 per cent ingested borneol is excreted as 
borneolglucuronide, the rest being oxidized. Miller et al. (1933) suggest that the 



B. Mukerji and R. Ghose. 


771 


dog possesses a store of glucuronic acid or can synthesize it from carbohydrates or 
amino-acids. In the case of the rabbit, Miller and Connor (1933) have shown that 
this animal is unable to synthesize glucuronic acid from carbohydrates or amino- 
acid (or at least performs these synthesis very slowly), but that it can utilize 
glucuronic acid to a certain extent from its food supply. These considerations 
offer a fairly satisfactory explanation of the difference in the glucuronic-acid 
conjugation mechanisms in the two species of animals. 

Another point of considerable importance and significance is the finding that 
at certain stages of liver damage due to intermittently repeated ingestion of toxic 
doses of carbon tetrachloride, the administration of a glucuronogenic drug such as 
chloral hydrate may result in an increased excretion of conjugated glucuronic acid. 
Theoretically one would expect under such circumstances a diminution of conjugated 
glucuronic-acid excretion owing to the failure of the poisoned liver cells to elaborate 
glucuronic acid from the carbohydrates or from the glucogenetic amino-acids. 
Persova ( loc . cit.) found a diminution of mentholglucuronide after administration 
of menthol to dogs whose livers were poisoned with arsenic, but as the details of his 
experiments are not available, it is difficult to compare the results. In three rabbit's 
and two dogs in which we succeeded in bringing about a chronic liver damage 
associated with extreme fatty infiltration,' central necrosis and proliferation of fibrous 
.tissue, we failed to elicit a response tending towards diminution in the rate of excre- 
tion of conjugated glucuronic acid during the early stages of liver damage. Both 
in the rabbits and in the dogs, figures occasionally appeared which were lower than 
the average normal rate of excretion, but, in general, it may be stated that under the 
conditions of our experiments, a tendency towards a phase of increased glucuronic- 
acid excretion was distinctly evident. In a few rabbits and in one dog where only 
two to four administrations of carbon tetrachloride were possible, and where there 
was a presumption that the liver damage was recent and not excessively progressive, 
the response to chloral hydrate was positive rather than negative. When, however, 
there was reason to believe that the liver damage was excessive and long-standing, 
a phase of decrease as reported by Persova (loc. cit.), Nishimura (loc. cit.), and others, 
was evident. A pertinent question in this connection is how this increased excretion 
is brought about. It is difficult to hazard a suggestion until more is known about 
glucuronic-acid metabolism in the animal organism. One explanation may be that 
hepatic cells when slightly damaged by a comparatively small dose of a toxic drug, 
make a great effort towards recovery resulting in a hyperactive state of the organ 
as a whole, or those functions of the organ (e.g., glucuronic function) which have 
to be mobilized in an effort to deal with the poison. An excessive production of 
glucuronic acid may result under such circumstances. Another explanation and 
a more probable one is suggested by the work of Pryde and Williams (loc. cit.) that a 
glucuronogenic drug like borneol is only partially conjugated in the body to form 
borneolglucuronide. Quick (1928) in an earlier work reported that menthol as well 
as mentholglucuronide was almost completely oxidized by the dog. In the normal 
detoxication mechanism therefore it may be assumed that there is a balance between 
the various processes of oxidation, reduction and conjugation. In early liver 
damage this balance may be upset, resulting in a preponderance of one and a sup- 
pression of the others. An increased excretion of conjugated glucuronic acid under 
such conditions may not be a true measure of the amount synthesized but rather 
of the amount which has escaped oxidation. 

J, MR 
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Summary and conclusions. 

1. The urinary elimination of conjugated glucuronic acid by rabbits and dogs 
kept under standard conditions has been estimated before and after the adminis- 
tration of a glucuronogenic drug (e.g., chloral hydrate), employing an improved 
and comparatively recent technique. The daily level of conjugated glucuronic- 
acid excretion varies in the two animals but an ‘ effective ’ dose causes in each a 
distinct rise in the conjugated glucuronic-acid excretion. 

2. An attempt was made to bring about chronic liver damage in these animals 
by intermittent administration of toxic doses of carbon tetrachloride. Rabbits 
did not stand such treatment well but dogs tolerated it sufficiently to enable long- 
term observations possible. 

3. Effective doses of chloral hydrate were administered to these liver-damaged 
animals during various periods and. observations were made of the effects on the 
rate of excretion of conjugated glucuronic acid under identical conditions. 

4. During the early stages of liver injury, there is usually a tendency both 
in the rabbits and in the dogs towards an increased excretion of glucuronic acid, 
though sometimes the rate of glucuronic-acid excretion is quite irregular. During 
the late stages of liver damage when the microscopic changes in the cells are well 
advanced, there is a definite decrease in the conjugated glucuronic-acid excretion. 
The first observation is contrary to accepted theoretical ideas and previous findings. 
An explanation of this phenomenon has been offered. 

5. In view of the fact that the rate of excretion of conjugated glucuronic acid 
under various conditions of experimental liver damage does not usually follow a 
regular course at least in the early stages, the employment of this criterion as a 
measure of liver function does not appear to be promising at present. Further work 
to elucidate the nature and cause of this increase in glucuronic-acid excretion is 
called for. 
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Table I. 


Showing normal conjugated glucuronide excretion in rabbits and dogs and hoiu it 
is influenced by chloral-hydrate administration. The figures 
represent photometric measurements. 


Animal 

number. 

Sex. 

Weight 
in kg. 

* Excretion in 24 hours. 
Number of experiments. 

f Excretion after chloral hydrate in 
c effective dose ’ mg. per kg. 

1 

2 

3 

4 

5 

150 

200 

250 

350 

450 

H 

1 


P3 

1*1 

1*6 

2*2 

2*9 

3*0 



10-3 




2 


1*29 

1*1 

1*6 

1*8 

2*1 

3*0 



8*5 

, , 



5 


P63 

1-5 

ESI 

2*1 

2*6 

3*1 



10-5 

, , 



6 


1-53 

1*5 

ESI 

2*1 

3*1 

3*8 



7*5 

9 9 


K 

7 

M* 

1-28 

1*3 

19 

1*5 

2*1 

3*9 



3*9 

2*1 

10*8 

3 

8 

M 

1*33 

1*5 

EH 

2*1 

3*0 

3*9 



1*8 

2*0 

12*0 

rO 

e5 

9 

M 

1*15 

1*7 

1*9 

2*3 

3*2 

3*7 



1*9 

5*0 

, . 


12 

M- 

1-34 

2*1 

2*4 

3*0 

3*2 

3*5 



2*1 

27*0 



14 


1*39 

1*2 

2*1 

3*2 


, , 



, , 

48*0 



15 

1 

1*14 

1*3 

1*3 

1*7 

3*5 

3*9 




39*0 



16 

F 

1-43 

2*1 

2*7 

3*1 


. . 



2*7 

5*1 


1 

18 

F 

1-26 

2*2 

2*7 

3*5 




l 

! 3*5 

! 7*5 

* • 

. 

1 

F 

4*76 

40 

« 

1 

44 

54 

58 

80 

125 



BE 

§7 

2 

F 

4*90 

34 

35 

43 

48 

50 

75 

110 




R | 

3 

F 

6*40 

40 

1 45 

49 

55 

51 

# # 

115 

# . | 

i ” 



4 

F 

5*40 

30 

3d 

l 

' 

35 

40 


* # 

90 

• • 

l 

E 


*Figures arranged in increasing order to show the range of values. 
| Average of three determinations in each case. 
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Table II. 

Showing the excretion of conjugated glucuronide in rabbits following the administration 
of ‘ effective doses ’ of chloral hydrate after the livers were damaged with 

carbon tetrachloride. 


Figures as in Table I. 


Babbit number: — 

1 

2 

5 

6 

fl 

8 

9 

12 

14 

15 

16 

18 

Excretion with ‘ effective 
dose 1 of chloral 
hydrate, mg. /kg. : — 

i 

10-3 

8-5 

j 

10*5 

7*5 

10*8 

12*0 

5*0 

27*0 

48*0 

39*0 

5*1 

7*5 

1 

r 

i 




.. 

, # 

. , 

9*0 

37*2 

56*3 

39*0 

18*6 

. . 



2 

•• j 

** 

•• 

•* 

*• 

18*0 

•• 

* 

1 

28*8 

30*0 




3 

. . 

« . ' 

. . 

. . 

16*0 

23*0 

4*5 

* . 

* 

* 

21*6 

* 

5 

o 


4 

i 

7*5 

7*1 


2*2 

* 

11*4 

* 




* 


O ! 



i 


i 










t o 

*43 

ed 

u 

-o 


5 

; 

- 

8*1 

i 

1*0 

i 

. . 

1 

4*5 

. . l 

| 

•• 

•• 

•• 

•• 

1 \ 
a 
"2 

! 

6 

8-7 

4*8 


•* 


* 

•• 

•• 

•• 


. . ! 

•• 

<4H 

o 

; 

7 

* * 

* • 

1*3* 

18*9 

. . 





* • 

.. 

•• 

u 

a 

►Q 

a 

I 


8 

16*6 

10*5 

•• 

i 

20*6 

•• 


•* 

•* 

•* 


* * 

.. 



9 

•• 

10*2 

•• 

•• 

i 

i 

1 


•• 

•• 

*• 

* ■ 

•• 

•• 



10 

7*5 

*• 

i 



•• 

•• 

•• 


# * 

• • 

•• 

i 

i 

11 

* 

3*8* 

i 

i 

i 

i • • 

i 

i 

i 

3*0* 

•• 

•• 

•• 

•• 

•• 

• • 

•* 

•• 


Dose of CC1 4 administered : — 

N 03. 5, 14, and 18 . . . . 1 c.c./kg* 

Nos. 7, 8, 9, 12, 15 and 16 . . 1*5 c.c./kg. 

Nos. 1, 2, and 6 .. . . . . 1 c.c./kg. first five administrations; 1*5 c,c,/kg. 

following six administrations, 

^Indicates the point where the animal died. 
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Table III. 

Showing the excretion of conjugated glucuronide in dogs following the administrations 
of * effective doses ’ of chloral hydrate after the livers were damaged with CCl 4. 

Figures represent photometric measurements as in Table I. 


Dog number 


Dog numbers — 


Excretion with ‘ effective 
dose 5 of chloral 
hydrate. 




2 

4 

110 

90 

• • 

80 

•• 

160 

127 

145 

104 

130 

121 


100 

•• 

127 

, . 

132 


160 


140 

. • 

117 


123 

•• 

. 130 

• . 

•• 

•• 


Dose of CC1 4 administered : — 
^Nos. 1 and 2 .. 


Excretion with * effective 
dose 5 of chloral 
hydrate. 



• . 0*25 c.c./kg. first eight administrations ; 0*5 c.c./kg. 

following twenty -five administrations ; 1 c.c./kg. 
next fifteen administrations ; 2 c.c./kg. last ton 
administrations. 

. • 2 c.c./kg. first six administrations. 
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It lias been definitely established that lead is present in normal human tissues 
in variable quantities. The difference in dietaries and in the conditions of living 
accounts for individual variation and also for variation in different nationalities. 
Information about the lead-content of human tissues, excreta, and foodstuffs, has 
been rendered available by several workers in this line but nothing about lead in 
hair is found in the current literature oil this subject. 

In the course of an investigation about the lead- content of normal tissues of 
Indians a few samples of hair were found to contain very laige quantities of lead 
(Bagclii el al., 1939). In fact the quantity is much larger than what is obtained in 
bones and teeth which are regarded as lead depots in the human system. As hair 
is a dead tissue there is no possibility of any lead of hair being returned to the general 
circulation in a soluble form for subsequent elimination through the usual channels 
as happens in the case of bones (Leschke, 1934). The amount of lead stored in 
hair appears to be the amount eliminated from the system. Hair and hair-follicles 
seem to function as excretory apparatus for lead and possibly for other metals. 

About 200 samples of hair from apparently health}" individuals of both sexes 
and of various ages from amongst the Europeans, Anglo-Indians, and Indians 
were collected and examined. Necessary steps were taken to eliminate all possible 
contaminations with extraneous lead compounds. The dithizone method of Lynch, 
Slater and Osier (1934), slightly modified to suit our requirements, was employed 
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for determination of lead and the method was found quite satisfactory for purposes 
of this investigation as indicated by results of duplicate analyses and by recovery 
of added quantities of lead. In all cases giving unusually high or low figures, the 
experiments were repeated either to confirm or to discard the first result. The 
specimens giving very high figures were looked upon with suspicion and experiments 
after repeating the processes of cleaning, were performed in duplicate. In most 
cases, sufficient material was available for checking the results in various ways. 

A large quantity of hair (about one pound) obtained from about thirty men 
(all Indians), collected from the dusty floor of a hair-cutting saloon and carefully 
mix er! together, formed the stock material for our experiments regarding the efficiency 
of different methods of cleaning the hair. The first experiment for determination 
of the quantity of lead in the dirty sample (without cleaning it in any way) gave 
52 mg. of lead per kilo. It was then treated, consecutively, with hot soap-solution, 
ether, hot dilute caustic alkali, water, alcohol, and ether, and lead was determined 
for the second time and the result was 47 '7 mg. The sample was further treated 
with caustic alkali, hot dilute hydrochloric acid, water, ammonium acetate, alcohol, 
and ether, and the third determination showed no further reduction in the amount 
of lead. Hair of women giving very high lead figures and having definite history 
of abnormal lead exposure, was also treated in the same way and similar results 
obtained in such cases, proved the efficiency of the technique. The first method 
was then considered suitable for complete removal of lead contamination and was 
adopted throughout this investigation. Attempts to reduce the number of steps 
and simplify the method did not prove successful. 

The weight of hair taken for each determination was about two grammes and 
in some cases, especially in children, it was considerably less. The latter cases did 
not provide sufficient material for duplicate experiments and the fallacies, if any, 
could not be eliminated. The results have been shown in the tables in milligrams 
of lead (as Pb) per kilo of hair which is the same as part per million (p. p. m.). 


Discussion. 

The tables show that the lead-content of hair of individuals varies very widely. 
The lead-intake in food cannot account for this wide divergence which at first 
sight appears to be an extremely unlikely phenomenon. Professor Kehoe of the 
University of Cincinnati, suggested, in a private communication, the possibility of 
presence of lead-compounds as contamination in hair. Careful and painstaking 
methods of cleansing of hair already described may, for all intents and purposes, be 
considered sufficient to preclude any such possibility. The other metals like copper, 
zinc, manganese, etc., have also been detected in hair and the determination of their 
quantities made in course of another investigation on this line (now in progress) also 
shows similar divergence. As the contamination of hair with salts of nickel, cobalt 
zinc, manganese, etc., is not at all a probable factor, especially in Indian villages 
and towns which are extremely backward industrially, the cause for such wide 
variations is to be sought elsewhere. The functions of minor elements in nutrition 
and the methods of their excretion are yet to be worked out. 

The unusually high lead figures in hair of Bengalee Hindu women (vide Table II) 
led us to make a thorough search for the purpose of finding out the sources of 
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exposure. The common articles of diet taken by the Bengalees, the cooking utensils 
(viz., al umi nium and brass ware, copper ware tinned inside, enamelled ware, cheap 
porcelain, etc.) and scented and medicated hair oils were collected from various 
sources, specially from those families from which hair with high lead-content was 
obtained, but no lead in appreciable amount could be detected. Subsequently, 
the source was traced to vermilion which is used by Hindu women on the scalp 
(as a thin linear mark about J to 1^ inch on the anterior end of the hair-parting to 
indicate unwidowed married life) as an important article of daily toilet. Pure 
vermilion is red sulphide of mercury imported from China but it is not available 
everywhere and a cheaper quality consisting of red lead mixed with a red synthetic 
dye and scented, has therefore been popular among all sections of the community. 
Vegetable hair oils (coco-nut, sesame, or rape seed oil — scented and unscented) 
are also used before or -after bath and are believed to help the growth of hair and to 
impart the characteristic gloss to black hair so common among Bengalee women. 
The use of hair oil helps the absorption of lead through the scalp just in the same 
way as * greasy paints and cosmetics containing lead are absorbed through the 
skin’ (Monier-Williams, 1938). Red lead carelessly used may also result in its 
absorption through the respiratory and alimentary tracts. The fatty acids of 
vegetable oils also combine with lead compounds and form lead soap on the scalp. 
The question, therefore, arises : Do the lead soap and red lead stick to hair and 
scalp in such a way that they cannot be got rid of and do they account for the high 
lead figures and tlieir wide divergence in individual cases ? The lengthy process 
of cleansing of hair as described before has been proved experimentally on various 
specimens of hair to be sufficiently reliable for getting rid of lead contamination and 
any suggestion for the presence of such contamination is no longer tenable. 

Another important observation lends an additional weight to our views. The 
cleansing of scalp where vermilion is applied is obviously more difficult but specimens 
of scalp which were examined in this connection gave much too low figures. The 
sample of hair giving 508 mg. of lead was obtained along with the scalp, as a 
necropsy material, from a Hindu woman (Ho. 51 in Table I) from the police 
morgue. The scalp was found to contain only 1*2 mg. of lead although it could not be 
submitted exactly to the same lengthy process of cleaning as was done in the case of 
her hair and it may be noted that the minimum amount of lead which was found 
in the scalp of a man (not using vermilion) was only DO mg. Similarly, specimens 
of skin which are equally unsuitable for thorough cleansing, never gave more than 
0'5 mg. of lead (Bagchi et al., loc. cit.) in spite of the fact that skin is exposed to 
lead contamination to the same extent. 

It is observed that women having large amounts of lead in their hair, also give 
abnormally high figures of lead in their urine and fasces (vide Table IV). For 
instance, pne with 502 mg. of lead in her hair, gave 1*05 mg. in faeces and 0*059 mg. 
m her urine ; these figures are about ten times the normal for Indians (Bagchi and 
Ganguly, 1937). It may, therefore, be inferred that red lead is absorbed through 
the scalp and thrown into the general circulation for elimination through the usual 
channels but most of it appears to be transferred to the scalp and dumped in hair 
and thus eliminated from the system. 

The figures in Table II show that the average lead-content of hair of the male 
population of different provinces of India, except Bengal, is practically of the same 



780 


Lead-Content of Human Hair. 


general magnitude as that of an average European. The lead-content of hair of 
both sexes among Europeans (resident in Calcutta) does not show much difference, 
while among Indians, especially the Bengalee Hindus, the difference is enormous. 
The Bengalee Mohammedan males, on the other hand, show decidedly larger quantity 
of lead in comparison with the Hindus. The source of lead, to account for the high 
lead figures in this community, could not be traced. The question is, however, 
under consideration. 

The relation between lead-content and colour of hair appears to be a definite 
one. The finest black hair of ladies of respectable families usually contains very 
large quantities of lead, while grey hair of old men and women gives the minimum 
figures. Hair with brown, auburn or golden brown and similar other shades of 
colour also gives very low figures (vide Table III). It seems that lead has something 
to do with the production of pigments which characterize hair of different nationalities. 
It is not known in which form lead is present in hair. The amounts of sulphur, 
chlorine, nitrogen, organic matter, etc., determined in samples of hair showing 
extreme variations in lead-content do not indicate any definite relation existing 
between lead and those substances. The presence of a large number of metals, 
viz., iron, copper, nickel, cobalt, zinc, manganese, etc., in hair in large quantities 
has so far baffled all our attempts to find out the actual nature of the compound 
which lead forms in hair. Phosphorus is the only element which appears to claim 
some relation with lead in hair. 

The hair of children contains comparatively smaller amount of lead but in 
families where there is evidence of abnormal exposure, the children, especially the 
girls, show high lead figures. For instance, in family I (vide Table V), the mother 
gave 315 mg. and her son gave 60 mg., while her 4-year old daughter gave as much as 
277 mg. of lead in her hair ; in family IV, the mother’s hair contained 242 mg. 
and her son’s hair contained only 9 mg., but the 34-year old daughter gave about 
75 mg. The members of other families also tell the same tale. Although the 
vermilion containing red lead is used only by married women in their daily toilet 
and the risk of exposure being open to all the members of the family, it is the girls 
who are affected most by this exposure, while the boys escape. The young girls 
seem to be particularly susceptible to exposure and absorb large quantities of lead. 

In good many cases, a mild form of alopecia has been found associated with 
high lead figures. The * falling off ’ of hair is a common complaint among Hindu 
women. Are they the cause and effect in this cycle of events 1 It is known that 
lead produces marked vascular spasm giving rise to various complications in 
cases of chronic lead intoxication and it is likely that the spasm taking place 
in the blood vessels of hair follicles when a certain concentration of lead is 
reached, would cut off the supply of necessary nourishment to hair and thus 
cause it to fall off. It will be interesting to study the cause of baldness on 
this line. 

The amount of lead is not always uniformly distributed in a hair. In a 
specimen of a woman’s hair, the distal end was found to contain 66 mg., while 
the proximal end contained 48 mg. only, and in another specimen the difference 
was practically negligible. As the excretion of lead through hair is likely to vary 
from day to day, its composition in its different portions should necessarily 
vary. This fact is of much medico-legal importance and has been of immense 
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value in expressing opinion about the period of ingestion of a poison in homicidal 
cases, as for instance, in slow arsenic poisoning. 

Hair, thus, appears to be a dumping ground for all surplus metals which 
served their purpose, possibly as catalysts, in bringing about various physiological 
reactions but are no longer required by the system. Their passage through 
the usual excretory channels is perhaps not conducive to the well-being of the 
organs concerned. 

Summary. 

1. Hair contains large amount of lead and in cases of abnormal exposure 
it may retain as much as 508 mg. per kilo. Black hair of women gives the largest 
amount, while grey hair of men and women gives the minimum, and brown 
or golden brown or other shades occupy an intermediate position. Lead may 
be a likely factor in producing the characteristic pigments of hair in different 
nationalities. 

2. The Hindu married women of Bengal are exposed to abnormal lead risk 
on account of their using vermilion which is adulterated with red lead and as such 
the average lead-content of their hair (180 mg.) is much higher than that of 
Mohammedan women of Bengal (50 - 4 mg.) who never use vermilion. The 
average amount of lead (26-7 mg.) of hair of Bengalee Hindus (men) is practically 
of the same magnitude as that of other peoples including Europeans (20 - 0 mg. 
to 227 mg.). The Bengalee Mohammedans (men) on the other hand give much 
higher figure (42-4 mg.) — no source of any abnormal exposure has so far been 
traced to account for this high figure. 

3. Large quantities of lead in urine and fasces of some Hindu men and women 
(giving' very high lead figures in their hair) and other factors indicate that lead is 
■absorbed into the general circulation and then eliminated through hair. 

4. The actual composition of the lead compound, i.e., the form in which lead 
is present in hair, cannot yet be stated definitely. Possibly it is present in 
combination with phosphorus. 

5. . The method employed in cleaning hair for getting rid of all possible lead 
contaminations, leaves no room for any doubt about the actual composition of 
hair with special reference to lead and possibly other poisonous metals. 
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Table I. 


Lead-content of hair of different 'nationalities. 

The figures indicate amount of lead in milligrams per kilo of hair or 

parts per million. 


Number. 

Name. 

Nationality. 

Religion 
and age. 

Occupation. 

Amount 
of lead 
as Pb. 

Remarks. 

1 

Mrs. I. B. 

•• 

Bengalee 

H. 45 

• • 

57-0 

Distal end 66 mg. 
Proximal end 48 mg. 

2 

Mr. J. S. 

• • 


H. 32 

Chemist 

30-0 

— 

3 

Mr. H. D. G. 

♦ • 


H. 34 


34*0 

.... 

4 

Mrs. J. D. 


Marvvari 

H. 22 

• . 

30-5 

— 

5 

Mrs. 


Anglo-Indian 

C. 35 


16*5 

.... 

6 

Mrs. 


European 

G. 30 


17*0 

— 

7 

Mrs. 


99 

C. 48 


33*0 

— 

8 

Miss 


99 

C. 20 

Student 

16-5 

Blonde. 

9 

Miss 


V 

G. 14 


21*0 

Golden brown. 

10 

Master S. G. 


Bengalee 

H. 7 


9*0 

— 

11 

i 

Master K. B. 


99 

H. 9 

Student 

24*0 


12 1 

Master A. B. 


1 

H. 11 

| 

99 

15*0 1 


13 

Master S. B. 


99 

H. 13 1 

99 

16*5 


14 

Mr. A. B. 


99 

H. 15 1 

99 

16*5 


15 

Mr. N. B. 


99 

H. 18 


27*0 


16 

Mr. K. B. 


99 

H. 50 ^ 

Chemist 

27*0 


17 

Mr. G. P. 


Anglo-Indian 

C. 18 

Student 

15*0 


18 

Mrs. 


Bengalee 

H. 65 


, 9-0 

, Grey about 75 per 
cent. 

19 

Miss K. M. 


i 

99 

j 

H. 17 

i Student 

108*0 


20 

Mr. M. R. 


99 

M. 19 

99 

| 

22*5 

* • * N # • 

21 

Mr. M. A. 


99 

M. 28 

1 

99 

| 

1 21*0 

• • « * 

22 

Mr. U. H. 


\ 

M. 19 

99 

19*5 

• ♦ • • 

23 

Mr. K. K. I. 


99 1 

I 

M. 36 

Clerk 

42*0 

• • • • 

24 

Miss P. M. 


! 

99 

1 

H. 19 

Student 

122*0 

• i • • 
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M 

mm 


Religion 
and age. 

Occupation. 

Amount 
of lead 
as Pb. 

Remarks. 

r 

25 

Mrs. K. M. 

Bengalee 

H. 25 

* • 

284-0 


26 

Miss G. M. 

»> 

H. 14 

Student 

105-0 


27 

Mr. P. P. A. . . 

19 

H. 

Compositor 

50*0 

Suspected cases of 
lead poisoning from 
Calcutta Medical 
College Hospital. 

28 

Mr. N. K. B. . . 

H 

H. 


132-0 


29 

Mr. M. A. 

19 

M. 26 

1 

Student 

24-0 

— 

30 

Mr. M. I. 

19 

M. 32 

a 

25*5 

— 

31 

Mr. M. L. 

99 

M. 28 

Doctor 

22*5 

• t • • 

32 

Mr. U. K. 

19 

M. 30 

19 

27-0 

till 

33 

Mr. B. 

European 

C. 53 

99 

21*0 

Grey. 

34 

Mrs. P. B. 

Marwari 

H. 

•• 

32*5 

— 

35 

Mr. M. H. M. . . 

Bengalee 

M. 28 

Doctor 

27-0 

— 

36 

Mr. G. B. 

European 

C, 

Clerk 

40*5 

— 

37 

Mr. P. D. S. . . 

a 

C. 

i 

99 

36*0 

.... 

38 

Mrs. B. 

Bengalee 

H. 39 

*• 

72-0 

— 

39 

Mr. M. M. 


H. 49 

Doctor 

13*5 

Grey about 80 per 
cent. 

40 

Miss B. S. 

99 

H. 32 

School 

mistress 

222*0 

• • • • 

41 

Mr. R. A. 

Parsee 

Z. 17 

Student 

10*5 

• • • • 

42 

Mr. P. K. R. 

Bengalee 

H. 19 

99 

25*5 

• •it 

43 

Mr. T. S. 

99 

H. 28 

Clerk 

50*0 


44 

Mrs. L. 

99 

M. 23 

•• 

30*0 

Brownish. 

45 

Mr. S. M. V. .. 

Punjabi 

H. 36 

Smelter 

20*0 

99 

4G 

Mr. D. B. 

Bengalee 

H. 28 

Typist 

24*0 

• • • • 

47 

Mr. B. G. 

99 

H. 31 

Clerk 

27*0 

• • • • 

48 

Mr. M. S. 

99 

M. 19 

Student 

22*5 

t • • • 

49 

Mr. A. H. 

It 

M. 27 

99 

30*5 

• ♦ * • 

50 

Mr. A. A. 

99 

M. 23 

99 

27*0 

• » • * 
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Table I — cont'd. 


Number. 

Name. 

Nationality. 

Religion 
and age. 

Occupation. 

Amount 
of lead - 
as Pb. 

Remarks. 

51 

Mrs. 

Bengalee 

H. 25 

. „ 

508-0 . 

Died by sulphuric 
acid poisoning. 

52 

Mrs. G. S. 

Anglo-Indian 

C. 50 

• * 

30*0 

— 

53 

Miss J. B. A. . . 

Marwari 

H. 19 

Student 

54*0 

.... 

54 

Miss M. B. 

Bengalee 

H. 15 


170*0 

— 

55 

Miss K. B. 


H. 19 

,, 

156*6 

.... 

5G 

Mrs. 

Bbutia 

60 

Ay ab 

8-6 

Grey. 

57 

Mr. E. H. 

Bengalee 

M. 32 

Clerk 

28*5 

— 

58 

Master 

>» 

H. 6 


72-0 

— 

50 

Mrs. H. D. G. . . 

>* 

H. 30 


242-0 

Alopecia. 

60 

Mrs. L. D. 

>> 

H. 30 


302*0 

Fine black. 

61 

Miss S. 

Parsee 

65 


6-0 

Grey. 

62 

Mr. A. R. C. .. 

Bengalee 

H. 51 

i 

Doctor 

16*5 

Grey about 75 per 
cent. 

63 

Mrs. M. M. . . 

*> 

H. 40 

! 

503*3 

Alopecia. 

64 

Miss A. 'M. 

>t 

H. 22 

Student 

84*0 

— 

65 

Mrs, 

European 

i 


50*0 

— 

66 

Miss — • — 

>t 

15 

Student 

i 

9*0 

Blonde. 

67 

Miss 

>t 

35 


9*0 

Golden brown. 

68 

Mrs. 

tt 

57 


7*5 

Grey. . 

69 

Mrs. S. S. 

Bengalee 

H. 23 

* . 

i 322*0 

i Anaemia and alopecia. 

70 . 

Mrs. A. K. S. .. 

»> 

H. 21 

i 

•• 

502-0 

1 .No alopecia; fine 
black. 

71 

Miss M. B. 

?> 

H. 17 | 

Student 

h 108-0 

— 

72 

Mr. 

t> 

M. 

. . 

102*0 

.... 

73 

Mrs. B. P. 

>t 

H. 23 

. . 

52*0 

.... 

74 

Mrs.— — 

European 

33 


I 12-0 

Brown. 

I 

75 

Miss 

tt 

25 

Typist 

| 

12-0 

i 

76 

Mrs. 

it 

35 1 

. . 

15*0 

>> 

77 

Mrs. 

ft 

42 1 

1 

*• 

13*5 

Blonde. 
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Number. 

Name. 

Nationality. 

Religion 
and age. 

Occupation. 

Amount 
of lead 
as Pb. 

Remarks. 

78 

Mrs. D. A. 

Bengalee 

M. 

43 


69-0 

— 

79 

Miss M. S. 

Punjabi 

Sikh 

14 

Student 

57*0 

.... 

80 

Miss T. S. 



8 

99 

69*0 

. 

81 

Mr. K. S. M. . . 

? j 


40 

Chemist 

35*0 

— 

82 

Mr. N. S. 



35 

Typist 

45*0 

.... 

83 

Mr. N. N. M. . . 

Bengalee 

H. 

54 

Zemindar 

6*0 

Grey. 

84 

>> • • 

>* 

H. 

54 

99 

4*5 

Grey (beard). 

85 

Mrs. J. N. K. . . 

>> 

M. 

34 


33*0 

.... 

86 

Mrs. 

99 

M. 

25 


72-0 

— 

87 

Miss K. 

9 • 

M. 

16 


37*0 

— 

88 

Mrs. K. 

99 

M. 

30 


63*0 


89 

Mrs. T. 

99 

M. 

24 


26*3 

— 

90 

Mrs.' 

99 

M. 

40 


61*5 

— 

91 

Mrs. M. M. 

99 

M. 

50 


18*0 

— 

92 

Mrs. B. 

99 

M. 

35 


42*0 

! 

93 

Mrs. B. 

99 

M. 

18 


60*0 

.... 

94 

Mr. S. C. S. . . 

99 

H. 

50 

Doctor 

17*1 

Grey about 90 per 
cent. 

95 

Mrs. 

« 9 

M. 

50 


33*0 

99 

96 

Mrs. 

« 9 

M. 

40 


62*0 

\ 

97 

Mrs. . 

99 

M. 

25 


49*5 ! 


98 

Mrs. 

99 

M. 

35 


59*5 


99 

Mrs. 

99 

M. . 

30 


42*0 1 


100 

Mrs.- ■ 

99 

M. 

28 


88*5 ' 


101 

Mrs. 

99 

M. 

38 


56*4 j 


102 

Mrs. 

99 

M. 

42 


57*0 j 


103 

Mrs. ’ . . 

99 

M. 

45 


58*5 


104 

Mrs. 

« 9 

M. 

20 

. , 

40*5 


105 

Mr. M. H. 

99 

' 

M. 

20 

Student 

21*0 

.... 
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Table I — contd. 


1 

Number. 

Name. 

Nationality. 

Religion 
and age. 

Occupation. 

Amount 
of lead 
as Pb. 

Remarks. 

106 

Miss B. R. 


Bengalee 

H. 4 

* . 

227-0 

Fine black. 

107 

Mrs. B. R. 


»> 

H. 28 


315-0 

„ Alopecia. 

108 

Baby R-. (male) 



H. n 

•* 

60*0 

.... 

109 

Mr. B. R. 


>> 

H. 35 

Police 

19-5 

— 

110 

Mr. 


Biliari 

H. 

Clerk' 

20*0 

— 

111 

Mr. 



H. 

Police 

7*5 

.... 

112 

Mr. D. S. N. 


Madrassi 

H. 41 

Chemist 

8-2 

— 

113 

Mrs. D. S. N. 


n 

H. 31 


45*0 

— 

114 

Mr. P. I. R. 


n 

H. 


54*0 

From A 1 i p o r e 
Central Jail. 

115 

Mr. 


19 

H. 


30*0 

it 

116 

Mr. B. S. 


Nepali 

H. 


37*5 

ii 

117 

Mr. F. M. 


Punjabi 

M. 


15*0 

99 

118 

Mr. M. Y. 


Beliari 

M. 


33*0 

99 

119 

Mr. S, K. S. 


Oriya 

H. 


31*5 

11 

120 

Mr. C. N. N. 


Madrassi 

H. | 


32*7 

99 

121 

Mr. H. A. 


Bombay 

M. 


60*0 

19 

122 

Mr. R. E. G. 


U. P. 

Jew 


39*3 

„ 

123 

Mr. E. E. 

! 

i 

19 

Jew 


4*6 

„ Grey. 

124 

Mr. S. S. L. K. 

* * 

99 

1 H. 


37*1 

>1 

125 

Mr. K. S. 


Punjabi 

Sikh 

l 

6*0 

99 

120 

Mr. 

i 

• • 

Madrassi 

H. 


16*0 

Brownish. 

127 

Mr. M. M. 

i 

Bengalee 

■ M. * 

l 

42*0 

From Alipore 
Central Jail. 

128 

Mr. N. A. 


11 

M. 


78-0 

ii 

129 

Mr. S. A. 


it 

1 M. 


166*0 

99 

130 

Mr. G. S. 


it 

M. 


57*0 

19 

131 

Mr. A. S. 


tt 

M. 


40*5 

99 

132 

Mr. R. R. 

*• 

Madrassi 

H. 


3*2 

From Presidency Jail. 
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Number. 

Name. 

Nationality. 

Religion 
and age. 

Occupation. 

Amount 
of lead 
as Pb. 

Remarks. 

133 

Mr. D. D. 

Madrassi 

C. 

, . 

24*0 

From Presidency Jail. 

134 

Mr. B. B. 

99 

H. 


3*0 

From Presidency 
Jail. Grey. 

135 

Mr. R. S. 

99 

II. 

1 

33*0 

99 

136 

Mr. M. N. 

99 

H. 

• • i 

1H 

99 

137 

Mr. D. H. D. .. 

Anglo-Indian 

• • 

•• 

- 22*5 

99 

138 

Mr. E. W. 

99 

• • 


6'0 

99 

139 

Mr. A. J. W. • • 

99 

• . 


30-0 

99 

140 

Mr. S. J. 

99 



3*7 

99 

141 

Mr. B. T. D. . . 

Madrassi 

• • 


34*5 

99 

142 

Mr. H. S. 

Punjabi 

Sikh 


12*0 

99 

143 

Mr. S. Y. 

99 

M. 


4*5 

99 

144 

Mr. S. S. 

99 

Sikh 


41*5 

99 

145 

Mr. R. S. 

99 

Sikh 

•• 

3*0 

From Presidency 
Jail. Brown. 

146 

Mr. R. J. 

i Anglo-Indian 



10*5 

99 

147 

Mr. A. M. 

Bombay 

M. 

•• 

4*5 

From Presidency 
Jail. Grey. 

148 

Mr. S. L. 

99 

H. 

.. 

10*8 

99 

149 

Mr. P. D. 

99 

H. 

. . 

12*0 

99 

150 

Mr. A. K. 

99 

M. 


7*5 

99 

151 

, Mr. S. L. 

99 

H. 


6*0 

99 

152 

j Mr. M. B. 

U. P. 

H. 

. • 

10*5 

99 

153 

1 Mr. G. L. 

99 

H. 

• . 

15*0 

99 

154 

| Mr. H. M. 

1 99 

M. 

. • 

9*0 

99 

155 

Mr. R. L. T. 

99 

H. 

. . 

55*0 

9 > 

156 

Mr. S. Y. 

99 

M. 

• • 

7*8 

.... 

157 

Mrs. K. . . 

Punjabi 

Sikh 30 

• • 

10*5 

* • * • 

15S 

Mrs. M. D. 

Bengalee 

H. 19 

•• 

126*0 

History of abortions. 
W. R. negative. 


J, MR 
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Number. 

Name. 

Nationality. 

l 

Religion 
and age. 

Occupation. 

Amount 
of lead 
as Pb. 

Remarks. 

159 

Mrs. 

1 

' Bengalee 

H. 32 

. • 

81*0 

• * • • 

160 

Mrs,- 

European 

42 

•• 

13*5 

Golden brown. 

161 

Miss H. D. G. . . 

Bengalee 

H, 4 


74*8 

— 

162 

Mrs. H. B. 

99 

H. 24 

•- 

162*0 

— 

163 

Miss B. C. 

99 

H. 19 

Student 

100-0 

— 

164 

Miss R. C. 

99 

H. 14 

99 

116*0 

— 

165 

Miss P. C. 

99 

H. 12 

99 

92-0 

— 

166 

Miss A. C. . . 

” 1 

H. 10 

99 

104*0 

— 

167 

Miss N. 0. 

99 

H. 8 

99 

! 108*0 

•••• 

168 

Mr. M. C. G. 

99 

H. 50 

Compositor 

13*5 

1 50 per cent grey. 

169 

Mr. K. P. D. 

99 

H. 24 

Lead worker 
in a fac- 
tory. 

241*0 

.... 

170 

Mr. A. T. D. 

99 

H. 39 

Compositor 

36*0 

After de-leading 
treatment. - 

171 

Mixed liair from 
an Indian hair- 
cntting saloon. 

Bengalee, 

males. 

H. & M. 

* * 

47*7 

About thirty speci* 
mens mixed 
together. 


Table XI. 


Average lead-content of hair in different nationalities. 

The figures indicate amount of lead in milligrams per kilo or parts 

per millions. 


Nationality. 

Men. 

Women. 

Europeans (including Jews and Anglo-Indians) 

20*8 

18*4 

Indians 

28*0 

114*5 

Bengalee Hindu . . . . . . . . ! 

26*7 

180*9 

Bengalee Mohammedan 

42*4 

50*4 

Punjabi 

20*2 

45*5 

Madrassi . . 

i 22*7 

i 

U. P. and Bibari 

21*6 

. . 

Other provincials (Parsee, Marwari, Oriya, etc.) 

20*0 

26*3 
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Table III. 


Lead-content of liair of different shades of colour. 
Milligrams per kilo or parts per million. 


Colour of hair. 

Minimum. 

Maximum. 

Deep black (Bengalee women) . . 

170-0 

508*0 

Brown, auburn and other shades (Europeans) 

9*0 

16-5 

Grey — containing 0 to 25 per cent of black or brown (Europeans 
and Indians). 

3*0 

21*0 


Table IV. 


Lead-content of liair, urine, and faeces of the same individuals. 
Milligrams per kilo or parts per million. 


Numbers in 
Table I. 

Hair. 

Urine. 

Eeeces. 

i 

Remabks. 

28 

132*0 

0-02 

7*8 

Suspected lead-poisoning case. 

70 

502*0 

0*059 

1*29 

Quite healthy with a suckling 

baby. No lead in her milk. 

107 

277*0 

•• 

1*05 

Unhealthy child. 

15S 

126*0 

0*02 

. 1*04 : 

t History of abortions. 

i 

1G9 

241*0 

1 

0*04 1 

387*1 

Lead worker in a factory. 
Suspected malingerer for work- 
man’s compensation. 
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Lead-Content of Human Hair 


Table V. 

Lead-content of hair of members of certain Bengalee Hindu families 
tvhere vermilion is used. More lead appears to be imbibed 
by the girls than by the boys in the same household. 

Milligrams per kilo or parts per million. 


F amity. 

Numbers in 
Table I. 

Relation. 

Age. 

Amount 
of lead. 

V ermilion used 
or not. 

■ 

109 

Husband 

i 

35 

i 

19*5 

i 

Not used. 

i. 

107 

Wife 

28 

315-0 

i 

Used. 


106 

Daughter 

4 

j 277-0 

Not used. 


108 

Son 

U 

60-0 

i 

11 17 


39 

i 

Husband 

49 

i 

13-5 

Not used. 


63 

Wife 

40 

503*3 

Used. 

ii. 

64 

Daughter 

22 

84-0 

Not used. 


24 

n 

19 

122*0 

a ii 

j 


19 

i 

1 

17 

! 

108-0 

ii if 


16 

Husband 

i 

50 1 

27-0 

Not used. 


38 

Wife 

39 

72-0 

Used. 

III. 

70 

Daughter 

21 

502-0 i 

ii 


71 

1 

11 

16 

108-0 

Not used. 

V 

11 

Son 

9 

24-0 

ii ii 

r 

3 

Husband 

i 

34 

34-0 

1 

Not used. 


59 

Wife 

30 

242-0 

Used. 

IV. . 

47 

Brother 

31 

27-0 

Not used. 


GO 

Sister 

, 30 

302-0 

Used. 


10 

Son 

7 

9*0 

Not used. 


161 

Daughter 

3£ 

74*8 

ii 



K. N. Bagchi, B. D. Ganguly , and J. N. Sirdar 


791 


Table V — conoid. 


Family. 

Numbers in 
Table I. 

Relation. 

Age. 

Amount 
of lead. 

Vermilion used 
or not. 

r 

25 

Mother 

28 

284-0 

Used. 


26 

Daughter 

12 

105*0 

Not used. 

V. 

15 

Nephew 

18 

27-0 

99 99 


14 


15 

16*5 

99 99 


13 


13 

16*5 

99 99 


12 


11 

15*0 

99 99 

/ 

46 

Uncle 

28 

24*0 

Not used. 


162 

Niece . 

i 24 

162*0 

Used. 


163 

99 

19 

100*0 

Not used. 

VI. < 

164 

99 

14 

116*0 

99 99 


165 

99 

12 

92*0 

99 


166 

99 

10 

104*0 

99 99 


167 

99 

8 

108*0 

99 99 
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Ryvosh (1907) suggested that haemolysis is of two kinds : the saponin type 
and the snake venom type. In the first, the cell membrane appears to be 
dissolved or disrupted and in the second, the cells behave as though disrupted by 
hypotonic solution. Cells which are resistant to venom haemolysis are sensitive 
to saponin type and vice versa. 

According to Herrmann and Rohner (1925), however, there are three types of 
haemolysis : — 

(а) Lysis of the lipoid or protein lipoid envelope (adsorption haemolysis). 

(б) Disturbance of the isotonic equilibrium (coagulation haemolysis). 

(c) Dissolving out of haemoglobin. 

Snake-venom haemolysis is an ‘ adsorption haemolysis ’. 

The above classification resulted from the study of the mechanism involved 
in the acceleration or inhibition of haemolysis by various substances. 

Noe (1904) was the first to determine the haemolytic power of venoms in vitro. 
The haemolytic power of different venoms was compared by him by determining 
the time required for complete haemolysis of 1*0 c.c. of 5 per cent washed 
corpuscles by 1 mg. of venom in the presence of 0*2 c.c. of inactivated horse serum. 
This method overlooks the fact that some venom haemolyse red blood cells 
of certain groups of animals in the absence of serum, while others produce 

( 793 ) 
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haemolysis only in the presence of inactive serum and lastly haemolysis by some 
venom is inhibited by serum. The red blood cells of different species of animals 
can be divided into three groups according to the inhibiting or accelerating 
effect of homologous serum on their haemolysis by cobra venom. 

1. Those not haemolysed either in the presence or absence of homologous 
serum, e.g., sheep and ox. 

2. Those whose haemolysis by venom do not require the presence of an 
activator and whose haemolysis is inhibited by the presence of serum to a greater 
or less extent, e.g., cat, rabbit, guinea-pig, and human. 

3. Those whose haemolysis is accelerated by the presence of homologous 
serum, e.g., horse. 

With the variation in the dosage of venom to a fixed quantity of red blood cells 
and homologous serum, difference of behaviour in regard to inhibition or accelera- 
tion of haemolysis by the serum are sometimes displayed. 

In this connection it may be mentioned that the haemolytic power of different 
venoms varied with different species of red blood corpuscles. Using red blood 
corpuscles of horse with inactivated horse serum the order of haemolytic activity 
of different venoms is as follows : cobra> tiger snake> death-adder j> black tiger 
snake, and lastly comes copper-head venom. While using red blood cells of rabbit 
and homologous serum the Australian snake venoms are more active than cobra 
venom. 

Until recently no extensive survey was made of the haemolytic activities of 
different venoms. K ellaway and Williams (1 933) investigated, among other matters, 
the effect of adding lecithin, the inhibition by serum and the changes due to the 
absence of ions from the fluid in which the venoms were dissolved and cells 
suspended. 

The present work deals with the influence of certain factors on the haemolysis 
of red blood cells of guinea-pig by cobra (Naja Naja) venom. The effects studied 
were those due to variations of the hydrogen-ion concentration, the addition of 
certain proteins, lipoids, and salts. 


Effect of hydrogen-ion concentration on haemolysis. 

Hydrogen- ion concentration has much influence on haemolysis by snake venoms. 
In vivo, and in systems heavily buffered with serum in vitro, this influence is not so 
important. The major part of the work on haemolysis with washed red blood 
corpuscles has lost much of its significance because the hydrogen-ion concentration 
has not been properly controlled. Holden (1934) studied the effect of change in 
pH on haemolysis and much complexity of its action was indicated. He found 
that variation in hydrogen-ion concentration not only altered the rate of haemolysis 
but modified the form of the time-concentration curves. His results revealed the 
fact that the Australian copper-head venom contains two active agents. One of 
them has a direct action on red blood cells and most effective at pH 6 and another, 
which is similar to phosphatidase, acts by the formation of chemical lysins and is 
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most effective at. pH 7-7. The first hsemolyses the red blood cells of rabbit and 
guinea-pig but not those of the os and sheep. Its action is inhibited by excess of 


Graph 1. 



Abscissae : milligrams of crude cobra venom per c.c. of cells. 

Ordinates : time for complete haemolysis in minutes. 

Both are plotted on a logarithmic scale. 

Grami 1 . Effect of hydrogen-ion concentration on luemotysis by crude venom. 

Curve 1. Acetate buffer in 0*81 per cent NaCl pH 5*6. 

>> 2. ,, f y 99 99 pH 6*0. 

„ 3. „ „ „ „ pH 6*6. 

>> 4. 9 y yy yy yy pH 7*6. 


venom, and by proteins such as serum albumin. The second active agent 
hsemolyses all species of red blood cells in the presence of lecithin. 
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The method employed for determining the haemolytic activity was that of 
Ponder (1921) with slight modifications. No extra-cellular lecithin was added to 


Graph 2. 
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5 *5 *05 *005 

Abscissa : milligrams of purified haemolysin per c.c. of cells. 

Ordinates : time for complete hasmolysis in minutes. 

Both are plotted on a logarithmic scale. 

Graph 2. Effect of hydrogen-ion concentration on haemolysis by purified hsemolysin. 
Curve 1, Acetate buffer in 0*81 per cent NaCl pH 6*0. 

97 2, ), )> 99 yj pH 6*6. 

3. >> j> f , pH 7*6. 


the mixture of venom and red blood cells. The cells were washed as described 
in the previous paper (De, 1939). As observations were made at different pH the 
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red blood cells for a particular experiment were washed and suspension made 
in buffered saline of the same composition as that in which the venom was 
dissolved. Solutions containing the venom and saline to a total volume of 1-0 c.c. 
were placed in small tubes. These tubes were then placed in a water-bath at 37°C. 
Then 0'4 c.c. of 5 per cent suspension of the washed red blood cells of g uin ea-pig 
was added and the mixture shaken. 

The maximum haemolytic activity of cobra venom was observed at pH 7'6 
(Graph 1) and minimum at pH 5-6 but the maximum activity has been observed 
by Holden at pH CrO and minimum at pH 7 - 2. It is to be inferred that the * phos- 
pliatidase ’ is in great excess than the direct hsemolysin in cobra venom. But the 
form of curve at any particular pH is in both cases the same. At pH 5'6 to pH 6 - 0 
cobra haemolysin behaved in the same way as copper-head haemolysin. Time- 
concentration curves show that the logarithms of the concentrations are proportional 
to the reciprocal of the logarithms of the times. At more alkaline pH values 
(6'6, 7*6, and 8-2) the rate of haemolysis was increased and at high concentrations 
of venom the curves tended to be flattened with respect to the axis of concentra- 
tion. In these regions the time of haemolysis is but little affected by increasing 
the concentration of venom. The concavity of the curve at high concentration 
increases as the alkalinity of the medium is increased. This protective effect of 
large doses of cobra venom on the red blood cells of man was first observed by 
Stephens and Myers (1898). Kyes (1902) and Kyes and Sachs (1903) observed 
the inhibition of haemolysis of red blood cells of rabbit by large doses of venom. 
Kyes (1910) by means of quantitative relationship between intra-cellular lecithin 
and amount of venom explained the inhibition caused by an excess of venom. He 
also showed that excess of venom caused the same inhibition when lecithin was 
added to non-susceptible varieties of cells. Noguchi (1905), by treating red blood 
corpuscles of horse with excess (4 per cent) of cobra venom, made them less suscep- 
tible to haemolytic agents such as saponin, hypotonic saline, or lecithin. He thought 
that a compound of venom with some constituent of the corpuscles was formed 
under those conditions. In these experiments with purified hmmolysin the inhibit- 
ing action noted by Kyes and Noguchi was found to be absent. The results 
obtained by the author show that at all pH, time-concentration curves plotted 
logarithmically have a linear relationship. The purified hsemolysin obtained from 
any one of the two methods described in the previous paper (De, loc. cit.) behaved 
similarly. The curves (Graph 2) are for the purified htemolysin obtained by 
the second method. 

Effect of heat on the haemolytic activity of crude venom and of 

PURIFIED HAEMOLYSIN SOLUTION. 

Rousseau (1934) observed that heating a solution of cobra venom at 70°C. for 
30 minutes and cooling the activity was 94 per cent of the original value as 
determined by the rate of formation of lyso-lecithin from egg-lecithin. Heating 
the solution of our cobra venom at 60°C. the activity was not depressed but the 
haemolytic activity was slightly increased probably due to the slight destruction 
of the hsemotysin inhibitor. At 75°C. the activity was reduced to half in an hour 
but it slightly regained its activity when kept at 4°C. for 24 hours. When the 
venom solution was heated at 85°C. for 20 minutes part of the venom proteins 
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were coagulated and the time-concentration curve has a slightly different form 
indicating that the inhibitor of heemolysin has been removed (Graph 3). The slight 
recovery of activity on keeping of the partly heat-inactivated heemolysin has been 


Graph 3. 
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Abscissae : milligrams of crude cobra venom per c.c. of cells. 

Ordinates : time for complete haemolysis in minutes. 

Both are plotted on a logarithmic scale. 

Graph 3. Effect of heat on hsemolysin in crude venom. 

Curve 1. One per cent cobra venom heated at 85°C. for 20 minutes. 
„ 2. „ ,, „ 75°C. „ one hour. 

„ 3. The solution of experiment No. 2 was kept at 4°C. for 24 hours. 

,, 4. Control. 

,, 5. One per cent cobra venom heated at 60°C. for one hour. 


observed by the author in so many cases that there remains no doubt about its • 
reality. The purified heemolysin is more sensitive to heat than the heemolysin in 
crude venom (Graph 4). 
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Abscissa : milligrams of purified hamolysin per c.c. of cells. 

Ordinates : time for complete liamolysis in minutes. 

Both are plotted on a logarithmic scale. \ 

Graph 4. Effect of heat on purified hamolysin. 

Curve 1. 0*1 per cent purified hamolysin heated at 70°C. for 30 minutes. 

„ 2. 0-1 „ „ „ „ 60°C. „ „ 

„ 3. Control for Nos. 1 and 2. 

The venom solutions were made in acetate, sodium chloride buffer of pH 7 - G, and hamolysis 
measured in the same buffer solution. 


The effect of serum and foreign proteins. 

Kellaway and Williams ( loc . cit.) made experiments upon the haemolysis of 
horse, human, guinea-pig, and rabbit cells by cobra, death-adder, copper-head, 
and black tiger snake venoms with and without the addition of inactivated homo- 
logous and heterologous sera. In the case of cobra venom, human and horse sera 
caused acceleration in the rate of haemolysis of horse cells, while rabbit and guinea- 
pig sera caused inhibition. In the haemolysis of guinea-pig cells horse serum caused 
acceleration and the human, rabbit, and guinea-pig sera caused inhibition. 

Their results are, however, more or less qualitative and effects due to the 
variation of the amount of venom and serum have not been studied. 

Experimenting with cobra (Naja Naja ) venom the author noticed that in the 
haemolysis of rabbit and guinea-pig cells, the sera of horse, sheep, rabbit, and 




Abscissa : milligrams of crude cobra venom per c.c. of cells. 

Ordinates : time for complete hsemolysis in minutes. 

Both are plotted on a logarithmic scale. 

Graph 5. Effect of normal serum on hsemolysis by crude cobra venom at pH 7*6. 
Curve 1. 2*5 c.c. normal sheep serum per c.c. of red blood cells of guinea-pig. 

„ 2. 2*5 c.c. normal rabbit serum per c.c. of red blood cells of guinea-pig. 

„ 3. 2*5 c.c. normal guinea-pig serum per c.c. of red blood cells of guinea-pig. 

,, 4. 2*5 c.c. normal horse serum per c.c. of red blood cells of guinea-pig. 

„ 5. Crude cobra venom solution without serum. 


To obtain tbe serum used in these experiments, the whole blood was taken in a 
bottle partially filled with glass-beads and shaken to separate the fibrin. One c.c. 
of tbe blood after separation of fibrin was diluted to 10 c.c. with normal saline 
and then centrifuged. The clear supernatant solution of serum was withdrawn 
and used in subsequent experiments. Using guinea-pig washed red blood cells, 
hsemolysis by venom was found to be inhibited by homologous serum. With rabbit, 
horse, and sheep, serum there was similar inhibition of hsemolysis of the red blood 
cells of guinea-pig, but sheep serum was found to be a much stronger inhibitor 
than others (Graph 5). On decreasing tbe amount of normal serum, no reversal 
of activity was observed, but tbe inhibition was decidedly of a lower order. Horse 
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serum effected no appreciable inhibition. Inhibiting effects of the inactivated 
sera (heated to 60°C. for some time) of guinea-pig, rabbit, and sheep, were of lower 
order than those of the corresponding normal sera. On the other hand inactivated 
horse serum slightly accelerated the haemolysis of guinea-pig cells. In the case of 
haemolysis of rabbit red blood cells similar results were obtained, but the order of 
inhibition varied. 

Effect of lipoids extracted from serum on haemolysis. 

The total lipoids extracted from the sera of guinea-pig and rabbit have an 
accelerating effect on the haemolysis of guinea-pig cells. But lipoids from sheep 
ser um causes inhibition. The total lipoids of the serum was prepared as follows : 
The original serum was extracted twice with ten volumes of absolute alcohol, care 
being taken to avoid oxidation. The extract was filtered and evaporated to 
dryness. The residue was again extracted with absolute alcohol and dried in 



Both are plotted on a logarithmic scale. 


Grafu C. Effect of lipoids extracted from serum on haemolysis by crude venom at pH 7*G. 
Curve 1. Extract from 2*5 c.c. of sheep serum per c.c. of red blood cells of guinea-pig. 

„ 2. Crude cobra venom solution without serum. 

»» 3. Extract from 2*5 c.c. of rabbit serum per c.c. of red blood cells of guinea-pig. 

„ 4. Extract from 2*5 c.c. of guinea-pig serum per c.c. of red blood cells of guinea-pig. 
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vacuum. The residue was dissolved in dry ether and the total lipoids precipitated 
by the addition of two volumes of acetone. The precipitate was then washed 
with acetone and dried in vacuum and 'this dried material was used in all sub- 
sequent experiments. Extract from 2 c.c. of serum was suspended in 8 c.c. of 
buffered saline and 0-2 c.c. of it was placed in each tube. The lipoid-free serum 
acted differently from the lipoids extracted from it (Graph 6). The lipoid- 
free serum from guinea-pig and rabbit inhibits the haemolysis of guinea-pig 
erythrocytes. Lipoid-free sheep serum neither accelerates nor inhibits haemolysis. 
It might be suggested that some form of antagonism exists between the proteins 
and the lipoids in the whole serum, and in majority of cases the effect of proteins 
far outweighs the effect of the lipoid. 

The effect of certain foreign proteins has been studied. Of these 02 c.c. of 
4 per cent casein caused inhibition of haemolysis, the same amount of egg-albumin 
has a faintly accelerating action (Graph 7 ). The solutions of the proteins were 



Both are plotted on a logarithmic scale. 


Graph 7. Effect of casein and egg-albumin on haemolysis by crude cobra venom at pH 7*6. 
Curve 1. With 0*2 c.c. of 4 per cent casein at pH 7*6. 

„ 2. Crude cobra venom solution without serum. 

„ 3. With 0*2 c.c. of 4 per cent egg-albumin at pH 7*6. 
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adjusted before use to tbe same concentrations of hydrogen and other ions as used 
in dissolving the venom and suspending the red blood cells. 

Effect of lecithin and cholesterol. 

Kyes and Sachs ( loc . cit.) showed that haemolysins act upon the lecithins present 
in the limiting membrane of the red blood corpuscles. Cells which are not 
haemolysed without an activator do not possess in their stroma free lecithin capable 
of being attached by the enzyme of the venom. They may be haemolysed by the 
addition of stroma of susceptible red blood cells. Recently, Ganguly (1937) showed 
that haemolysis is also influenced by the chlolesterol content of the cells. The 
haemolysis of whole blood is approximately inversely proportional to its cholesterol 
content and the activation caused by extra-cellular lecithin can be inhibited by 
the addition of an equivalent amount of cholesterol. Holden (1934) also observed 
acceleration by hen-ovo-lecithin of haemolysis of washed rabbit red blood cells by 
copper-head venom. 



Curve 1. 5 mg. cholesterol per c.c. of red blood cells of guinea-pig. 

„ 2. Crude cobra venom solution at pH 7'G. 

„ 3. 5 mg. cholesterol and 5 mg. lecithin per c.c. of red blood cells of guinea-pig. 

„ 4. 5 mg. lecithin per c.c. of red blood cells of guinea-pig. 

J, MR 


13 
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The lecithin used in our experiment was Merck’s ovo-lecithin purified by 
repeated solution in ether and precipitation by acetone and the purified product 
was free from cholesterol. The accelerating effect of lecithin was much influenced 
by hydrogen-ion concentration. The acceleration at pH 7‘6 is more marked than 
the acceleration at pH 6-0. 'When cholesterol was mixed with lecithin, the acceler- 
ating effect due to the latter was inhibited to a great extent. Cholesterol alone 
also slightly inhibits unaided haemolysis of washed red blood cells of guinea-pig 
(Graph 8). Though ordinarily washed red blood cells of sheep were not hsemo- 
lysed by cobra venom, it could be haemolysed by the addition of lecithin. 

Effect of salts and other non-specific substances. 

The effect of CaCl 2 on copper-head hsemolysin has been studied by Holden 
(1935). He found that variation in the concentration of the salt caused either 



Absciss® : milligrams of crude cobra venom per c.c. of cells. 
Ordinates : time for complete haemolysis in minutes. 

Both are plotted on a logarithmic scale. 

Graph 9. Effect of salts on haemolysis by crude venom at pH 7*6. 
Curve 1. 5 mg. PbCI 2 per c.c. of red blood cells of guinea-pig. 

„ 2. 5 mg. BaCL, „ „ „ „ „ 

„ 3. Crude cobra venom solution at pH 7*6. 

„ 4. 5 mg. HgCL per c.c. of red blood cells of guinea-pig. 

„ 5. 5 mg. CaCl 2 
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acceleration or inhibition. Similar effects have been observed with cobra venom 
using red blood cells of guinea-pig. Five mg. of anhydrous calcium chloride per 
c.c. of red blood cells caused acceleration of haemolysis but with 25 mg. of the 
salt marked inhibition was observed. 

Barium chloride and lead chloride caused inhibition of haemolysis. The 
behaviour of HgCl 2 is rather peculiar. Haemolytic activity is found to be 
increased when measured soon after the addition of HgCl 2 but when HgCl 2 is 
allowed to act on the venom for two hours inhibition occurred. "With purified 
haemolysin there was always inhibition of haemolytic activity. Of some 
non-specific substances tried glycine accelerated haemolysis (Graphs 9 and 10). 

Graph 10- 



Graph 10. Effect of salts and glycine on hcemolvsis by purified hremolysin at pH 7‘0. 

Curve 1. 5 mg. PbCl a per c.c. of red blood cells of guinea-pig. 

„ 2. mg. BaCl. 

„ 0. Purified haemolysin at pH 7'G. 

,, 4. 20 mg. glycine per c.c. of red blood cells of guinea-pig. 

„ 5. 5>g. CaCI a „ „ „ „ „ 
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The experiments do not elucidate the mechanism but rather the complex nature 
of haemolytic action is emphasized. According to Herrmann and Rohner ( loe . cit.) 
it can be suggested that all these substances cause changes in the colloidal system 
composed of protein, lecithin, and cholesterol, which constitute the limiting surface of 
the red blood corpuscles. 

Summary. 

1. The haemolytic activity of cobra haemolysin is maximum at pH 7-6. 

2. When cobra venom solution is heated at 60°C. for an hour its haemolytic 
activity is not diminished but slightly increased ; heating at higher temperature, 
however, causes loss in haemolytic activity. 

3. Normal sera of the horse, sheep, rabbit, and guinea-pig, inhibit the haemo- 
lysis of the red blood cells of rabbit and guinea-pig by cobra venom, inactivated 
serum behaves similarly but the inhibition was of lower magnitude than the normal 
serum. Inactivated horse serum slightly accelerates haemolysis. 

4. The lipoids extracted from the sera of guinea-pig and rabbit accelerate 
the haemolysis of red blood cells of guinea-pig but lipoids from sheep serum cause 
inhibition. 

5. Casein causes inhibition of haemolysis of red blood cells of guinea-pig, but 
egg-albumin slightly accelerates its haemolysis. 

6. Lecithin accelerates the haemolysis of red blood cells of guinea-pig by cobra 
venom and the effect is more marked at pH 7’6 than at pH 6'0, while cholesterol 
inhibits haemolysis. 

7. Higher concentration of CaCL inhibits haemolysis of red blood cells of 
guinea-pig but lower concentration accelerates haemolysis. PbCL and BaCl 2 inhibit 
haemolysis. HgCl 2 on long standing in contact with cobra venom inhibits its 
haemolytic activity. Haemolytic activity of purified haemolysin is increased with the 
addition of glycine. 
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STUDIES ON HEMOLYSIN OF COBRA VENOM. 

Part III. 

REVERSIBLE INACTIVATION OF HASMOLYSIN OF COBRA 
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BY 


S. S. DE, m.sc. 

{Inquiry wider the Indian Research Fund Association, University 
College of Science & Technology, Calcutta.) 

[Received for publication, September 30, 1939.] 


Of tlie various chemical and physical factors controlling the activity of an 
enzyme, the necessity for adequate control of liydrogen-ion activity in enzymic 
studies lias been demonstrated by Sorensen (1907) in a series of papers. In deter- 
mining the activity of an enzyme the activity pH curves should be evaluated first. 
The activity of an enzyme may also be altered through various £ salt effects The 
presence of added ions or molecules would cause * salt effect ’ through a change 
in the thermodynamic environment in the reaction mixture. The activation and 
inactivation caused by various substances in enzymic actions have been discussed 
in some' detail by Haldane in his book ‘ Enzymes ’. The activating power of these 
reagents has been interpreted in terms of salt effects, co-enzyme actions, changes 
in the oxidation reduction state of their specific activator, removal of inhibiting 
metal ions, etc. ° 


. . ^biting effect of heavy metals salts like AgN0 3 , HgCl 2 , upon saccharase 
is known from early times. This inhibition can be reversed by treatment with 
H 2 S (Euler and Svanberg, 1920). Mendel and Blood (1910) observed that the 
rate of proteolysis by papain was enhanced by compounds like HCN and H 2 S 
Grassmann cl al. (1929) showed that papain and kathepsin can be activated bv 
organic sulpliydryl compounds such as glutathione and cysteine. Similar activation 
has been observed with the enzyme urease by Hellermann el al. (1933). Perlzweie 
(1932) suggested that the association of urease with a sulpliydryl activator can 
account for the re-activation by cyanide, hydrogen sulphide, and by other reanents 
of urease preparations inactivated by the ions of the heavy metals. The inactiva- 
tion would consist of the metal-ion catalysing the oxidation of the activator • 
regeneration of which might result from the reducing action of the cyanides or 
sulphides. But Summer aud Poland (1933) showed that sulpWM eoZound" 
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may be present in jack-bean meal. Crystallized and dialysed enzymes possess 
characteristic activity even in the absence of supplementary thiol groups. 

Perlzweig ( loc . cii.) observed that crystalline urease was partially inactivated 
through reration and simultaneously a weakening of the nitroprusside test for thiol 
was observed. Hellermann and Perkins (1934) proposed that the phenomenon of 
inactivation and re-aetivation is due to oxidation and reduction of the substituent 
sulphydryl groups, of the enzyme itself and not to changes with the associated 
activator. The enzyme would then be active in its reduced form, e.g., En-S-H and 
reversibly inactivated by controlled oxidation to an inactive form En-S-S-En. 

According to Bersin (1936) ‘ The active enzyme is thus to be looked upon as 
a thiol compound while its inactive form is a disulphide compound ’. 

This may be represented as follows : — 

Oxidation 

2 En-SH ^ En-S-S-En -f 2(H) . . (1) 


(Active) Reduction (Inactive) 

The reduction of the ditliio form by cysteine or glutathione (R-SH) may be 
represented in the form thus — 

En-S-S-En + 2 R - SH-^-2 En-SH + R-S-S-R .. .. (2) 

Hydrogen cyanide or hydrogen sulphide react with the dithio form of the 
enzyme in the following ways : — 

En-S-S-En + HCN->En-SH + En-SCN .. .. .. (3) 

En-S-S-En + HSH-$-En-SH + En-S-SlI .. .. .. (4) 

It has been shown in the case of urease and papain that cysteine activates the 
inactive preparations of the enzyme to a much higher level than hydrogen cyanide 
or hydrogen sulphide. Such differences are very probably not due only to relative 
rates of reaction but to actual variations in the mode of chemical attack. Erom 
equations (2) to (4) it is evident that by the action of cysteine more of the active 
material will be produced from the same amount of oxidized enzyme than with 
hydrogen cyanide or hydrogen sulphide. Secondary actions may produce more 
of the thiol form by the hydrolysis of the product En-SCN. 

It lias also been observed that the enzyme urease can be inactivated bv 
treatment with cuprous oxide or certain organic mercurials (e.g., phenylmercuric 
chloride). This inhibiting action was also found to be reversible- 

The formation of the mercaptides has been represented by the following type of 
equations : — 

2En-SH + Cu 2 0->2En-S-Cu -f H 2 0 
En-SH + C c H 5 HgCl-$-En-S + Hg-C 0 H S + HC1. 

"Working with pneumococcal haemolysin Avery and Neill (1924) inactivated it 
by treatment with air and H 2 0 2 . Subsequently, Neill (1926) restored the activity 
of the inactive product by treatment with Na 2 S 2 0 4 or with certain anaerobic 
bacteria. 

Shwachman el al. (1934) inactivated haemolysin extract from frozen and thawed 
pneumococci by suitable oxidizing agents and mereaptide-forming compounds such 
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as CU 2 O and certain organo-mercurials. The hsemolysin inactivated by oxidizing 
agents was re-activated by many thiol compounds and -by other reducing agents, 
e.g., cyanide, ascorbic acid plus iodine, and hsemolysin inactivated by metallic 
compounds was regenerated by H 2 S and cysteine. 

Hopkins and Morgan (1938) showed that when the enzyme succinic dehydro- 
genase is exposed to the oxidizing influence of GSSG its activity disappears 
simultaneously with the disappearance of the tissue thiol groups, while both re- 
appear together under the reducing influence of GSH (glutathione reduced). The 
activity of the enzymes, lipases, phosphatases, cerebrosidase, and glucosidase, is 
related in one way or another to sulphur grouping has also been shown. Assuming 
that hsemolysin of cobra venom may be similar to pneumococcal hsemolysin the effect 
of oxidizing agents like iodine, hydrogen peroxide, ferricyanide, etc., on its activity 
was studied by the author. It was found that the inactivation caused by controlled 
oxidation with reagents mentioned above was reversed by hydrogen sulphide, 
organic sulphydryl compounds and other reducing agents. The inactivation by 
metallic derivatives and the reversals thereof has also been observed. Both the crude 
venom and the purified hsemolysin (De, 1939) were subjected to the action of the 
above reagents, and some peculiarities in their behaviour have been observed. Using 
crude venom the hsemolytic activity was increased with low amounts of the oxidizing 
agents, but moderately high amounts of them acting for a long period ultimately 
reduced the hsemolytic activity. The effect of oxidation on purified hsemolysin 
always resulted in inactivation of the product. 


Procedure. 

Twenty-five mg. of crude cobra venom were used for each experiment. The 
venom was dissolved in 4 c.c. of buffered saline of pH 7 - 6 and various amounts of 
the oxidizing agents adjusted to the desired hydrogen-ion concentration were added 
in volumes of 1 c.c. and allowed to react for definite periods. Two c.c. of the mixture 
were then pipetted out and diluted to 10 c.c., and after further adequate dilution 
the hsemolytic activity of this fraction was compared with the control venom solution 
which has been maintained side by side. Simultaneously, 2 c.c. fraction from the 
remaining mixture were subjected to the action of reducing agents. If acidic 
reagents were added they were neutralized with Na^CCU before comparing the 
lytic activity. With purified hsemolysin the usual procedure was the same but 
only 5 mg. of the purified sample was used. The hsemolytic activity was determined 
as mentioned in Part II of this paper (page 793, this issue). To graded amounts of 
venom made up to l’O c.c. was added 0A c.c. of washed 5 per cent suspension of red 
blood cells of guinea-pig and as usual the reaction of the medium was maintained at 
pH 7-6. It will be noticed that though the control curve varies slightly with time, 
the variation is insignificant in comparison with the curves obtained with inactivated 
and the re-activated product. The purified hsemolysin gave faint test for sulphydryl 
sulphur with sodium nitroprusside. After reduction with NaCN however a stronger 
test was obtained. It may be maintained in this connection that ergothionine and 
tluosalicylate ion do not respond to this test. Sulphydryl groups if present in the 
molecule of hsemolysin in the two forms mentioned are probably not detected by 
this reagent. 
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Inactivation by iodine. 

The iodine solution used was 0'05N in 0'05M Kl. Four e.c. of venom solutions 
containing 25 mg. of crude cobra venom were placed in four flasks and to them 
were added respectively (1) 0T e.c , (2) 0 - 2 c.e., (3) 0 - 5 c.c., and (4) 043 c.c., of the 
above iodine solution, and the total volume made up to 5 c.c. with saline in each 
flask. After one hour 1 c.c. fraction from each was taken out and the haemolytic 
activity compared with the control. In (1), (2), and (3), there was an increase of 
haemolytic activity, but in (4) the activity was much depressed (Graph 1). After 
two hours’ standing only (3) showed the depression of activity and after 3 hours’ 
incubation no lowering of activity was observed in (1) and (2). 


Graph 1. 



Graph 1. Effect of varydng amounts of iodine on the activity of hajmolysin in crude venom. 

Curve 1. To 25 mg. of crude venom was added 0‘8 c.e. of 0'05N iodine solution. 

» 2. Crude cobra venom solution at pH 7'G. 

„ 3. To 25 mg. of crude venom was added 0‘5 c.c. of 0'05N iodine solution. 

» a *> >t a 0'2 c.c. ,, ,, ,, 

, , ^te iodine solution was allowed to act for one hour and haemolysis then measured with acetate 

buffer of pH 7-b. 
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The experiments were then repeated with larger amounts of iodine as indicated 
in ( 4 ), and allowed to stand for an hour. Ten mg. portions of the partly inactivated 
product were treated with H2S, NaCN, ascorbic acid, cysteine, and reduced gluta- 
thione. These reagents brought about partial or complete re-activation ; H2S, 
cysteine and reduced glutathione brought back the full activity, whereas ascorbic 
acid and sodium cyanide only partially re-activated the product. But when the 
iodine was allowed to react for longer periods complete reversal of activity was not 


200 

100 

8oj 


40 


20 


5 


J 

* 5 


_J 

•05 


_J 

•005 



Abscissae : milligrams of purified haemolysin per c.c. of cells. 

Ordinates : time for complete haemolysis in minutes. 

Both are plotted on a logarithmic scale. 

Graph 2. Inactivation of purified haemolysin and its re-activation b}^ various reducing 
substances. 

Curve 1. To 25 mg. of purified hamiolysin was added 0*5 c.c. of 0’05N iodine solution and 
allowed to act for 30 minutes. 

„ 2. 5 mg. fraction from No. I + 0*3 c.c. of 0*li\I ascorbic acid. 

„ 3. „ „ „ + 0*3 c.c. of 0*1M NaCN. 

,, 4. „ „ „ + 0*3 c.c. of O'lM cysteine. 

„ 5. Purified hremolysin solution at pH 7*6. 

„ 6. 5 mg. fraction from No. 1 + 0*3 c.c. of 0*07M H^S. 

The reductants were allowed to act for 00 minutes and haemolysis measured with the 
above-mentioned buffer solution. 
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noticed. The action of iodine on purified hffimolysin always produced inactivation 
of the product. The action was also more rapid and drastic with comparable 
amounts of iodine. To 5 mg. of purified hsemolysin was added OT c.c. of the iodine 
solution, and the degree of inactivation after 30 minutes was more marked than 
in the case of crude venom. The effect of the reducing agents were the same as 
in the case of crude venom (Graph 2). The activators were generally allowed 
to act for 90 minutes. The sensitivity of purified hsemolysin to oxidation is far 
greater than that of crude venom. 

Inactivation by hydrogen peroxide . — The effect of hydrogen peroxide on crude 
venom is similar to that of iodine. The inactivation of purified luemolysin by 
comparable amounts of hydrogen peroxide as was used in the case of iodine, and its 
re-activation with cysteine and glutathione is illustrated in Graph 3. Hydrogen 
peroxide was allowed to act for 30 minutes and the activators for 90 minutes. 



Graph 3. Inactivation of purified luemolysin by hydrogen peroxide and its re-activation. 

Curve 1. To 20 mg. of purified luemolysin was added 0*4 c.c, of 0*05N H 2 0 2 solution and 
allowed to act for 30 minutes. 

„ 2. 5 mg. fraction from Ho. 1 + 0*3 c.c, of 0TM cysteine (pH 4*2). 

„ 3. „ „ „ -p 0*3 c.c. of 0T3VI reduced glutathione (pH 4*8). 

„ 4. Control. 
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Inactivation by ferricyanide . — The action of ferricyanide on crude venom 
was not so pronounced as with iodine or hydrogen peroxide. The activation and 
inactivation of haemolysin in crude venom was less than that produced by 
comparable concentrations of iodine or hydrogen peroxide. As expected the effect 
was also less on purified haemolysin (Graph 4). In this connection parallel 


Graph 4. 



Graph 4. Inactivation of purified Inemolysm b} r ferricyanide and its re-activation. 


Curve 1. To 20 mg. of purified haemolysin was added 0*4 c.c. of 0*05N K 3 F(CN) 6 solution and 
allowed to act for 30 minutes. 

„ 2. 5 mg. fraction from No. 1 + 0*3 c.c. of 0*1M cysteine (pH 4*2), 

„ 3. „ „ „ + 0*3 c.c. of 0*07M H 2 S. 

„ 4. Purified haemolysin solution at pH 7*6. 

experiments were undertaken with ferricyanide, but no depression in the haemolytic 
activity of the purified sample was observed. 

Action of bcnzoquinone . — Benzoquinone had practically no action on haemolysin 
in crude venom, but its effect on the purified product is drastic and a noticeable 
inactivation was observed in 10 minutes. Its activity was restored partially with 
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H 2 S only (Graph 5). Under all the conditions studied the inactivation caused hy 
quinone could not be fully reversed. The fact suggests that quinone has a specific 
reactivity to hsemolysin in addition to its oxidizing capacity. 


Graph 5. 



Abschsre : milligrams of purified hemolysin per c.c. of cells. 
Ordinates : time for complete haemolysis in minutes. 

Both are plotted on a logarithmic scale. 


Geaph 5. Inactivation of purified hsemolysin by benzoquinone and its re-activation by 
hydrogen sulphide. 

Curve 1. To 10 mg. purified htemolysin was added 1*1 mg. benzoquinone and allowed to react 
for 10 minutes. 

„ 2, 5 mg. fraction from No. 1 + 0*5 c.c, of 0*07M ILS. 

„ 3. Purified hasmotysin solution at pH 7'6. 


Action of cuprous oxide and mercuri-organic derivatives . — It is known that 
silver and mercuric salts, cuprous oxide and aryl or alkyl mercuric salts or hydroxides, 
form mercaptides with sulphydryl compounds. Hopkins (1929) isolated glutathione 
by forming the Cu salt of glutathione. Shwachman el al. ( loc . ait.) observed that 
cuprous oxide produced inactivation of pneumococcal lysin which is partly 
reversible. Organo-mercurials of the type R-Hg-X (where' X = Cl or OH) also 
produced reversible inactivation. The author also found that cuprous oxide acting 
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on crude venom activated the hsemolysin during the earlier periods but on keeping 
the ultimate result was the inactivation of the product. To 25 mg. of the punned 
product were added 6 mg. of freshly-prepared cuprous oxide and the whole allowed 
to stand for one hour. The excess cuprous oxide was centrifuged out. The 
inactivation and re-activation is indicated by the curves in Graph 6. Inactivation 


Graph 6. 



Both are plotted on a logarithmic scale. 


Graph G. Inactivation of purified hemolysin and its re-activation by reduced glutathione and 
hydrogen sulphide. 

Curve 1. To 25 mg. purified hemolysin was added 5 mg. Cu 2 0 and allowed to stand for one 
hour and then the mixtures centrifuged to remove the excess Cu 2 0. 

„ 2. 5 mg. fraction from No. 1 + 0*3 c.c. of 0*1M reduced glutathione (jAf 4*8). 

» 3. „ „ „ + 0*3 c.c, of 0-07M H.S. 

„ 4. Purified hiemolysin solution at pH 7*6. 

by C g H 5 Hg OH or C G H 6 HgCl has been restored by subsequent treatment with H 2 S 
and glutathione. Of particular interest in this connection is the observation 
that bis-p-tolvl mercury which cannot form mercaptide produced no measurable 
inactivation of luemolysin. 
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Discussion. 

The experiments with crude venom described above show unequivocably that 
the oxidizing agents tried, preferentially act on the inhibitor of hsemolysin rendering 
it ineffective as inhibitor. The inhibitor is probably adsorbed on the surface of 
hsemolysin molecules and it being oxidized first protects the hsemolysin molecules 
from oxidation. The sensitivity of purified hsemolysin towards oxidation also 
suggests that in crude venom there is a substance which protects haanolysin 
molecules from oxidation. Of all the oxidizing agents tried the inactivation caused 
by benzoquinone cannot be fully reversed. Under all conditions studied with 
benzoquinone only a partial re-activation has been noticed. This irreversible action 
of quinone can be attributed to an attack through the reactive groups of the quinone 
in addition to direct oxidation. The behaviour of cobra hsemolysin towards re- 
versible oxidation by the oxidizing agents is similar to that which has been observed 
with pneumococcal hsemolysin. The parallelism in behaviour of hsemolysin towards 
oxidizing and reducing substances and towards mercaptide-forming substances on 
the one hand and of many other enzymes (urease, papain, and kathepsin) toward 
those reagents is of outstanding importance. The following observations all lead 
to testify that sulphydryl groups control the activity of haemolysin : — 

(q) Cobra hsemolysin is inactivated by ferricyanide at a rate much slower 
than that produced bv comparable concentrations of iodine. The 
above oxidants behave similarly with thiol compounds. 

(b) Cobra hsemolysin is reversibly inactivated by Cu 2 0 which is specific for 

thiol compounds forming mercaptides. 

(c) Mercaptide-forming organo-mercurials also inactivates the hsemolysin 

reversibly. 

(d) The organo-mercurials of the type R-IIg-X which cannot form a mercap- 

tide with thiol compounds do not inactivate hsemolysin. 

Irreversible inactivations with iodine were readily obtained with larger amounts 
of iodine or prolonged action of the oxidant. It is probable that oxidation of 
sulphur a oms to a stage beyond the dithio configuration would cause irreversible 
action. 


(Summary. 

1. The lisemolytic activity of crude cobra-venom solution is first increased 
but finally depressed on standing in contact with a moderate concentration of iodine 
solution but with lower concentration the activity increases and no reversal of 
activity is obtained. The partly inactivated product regains its activity on treat- 
ment with HoS, NaCN, ascorbic acid, cysteine, and reduced glutathione. With 
purified haanolysin these resulted always in inactivation of the product and its 
activity was regained with the reagents tried with crude venom. 

2. Behaviour of hydrogen peroxide and ferricyanide is similar to that of 
iodine but the effect of ferricyanide is less pronounced than that of iodine. 

3. Effect of benzoquinone is rather peculiar, it has no action on crude venom, 
but depresses the activity of purified hsemolysin in 10 minutes which is partially 
regenerated by hydrogen sulphide. 
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4. Cuprous oxide and plienyl-mercuric chloride inactivates purified hsemolysin 
which can be restored by treatment with hydrogen sulphide and reduced 
glutathione. 
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Except for a figure of the egg in a recent paper by Ch’i Ho (1938), the early 
stages of Musca inferior have not been described (Patton, 1937). In the present 
communication, the ovarian egg, third stage larva, and puparium, are described. 

This is a large hsematophagous species which feeds on cattle, and is easily 
recognized by the hairs on the squama, a feature not possessed by any other oriental 
species of Musca (Patton, loc. cit.). It breeds in isolated patches of cow-dung. The 
following table gives data of flies bred out from larvae collected on the ‘ Maidan ’ 
in Calcutta : — 


Date. 

Number 
per patch. 

Remarks. 

i 

8th June, 1938 

3 


13th July, 1938 

12 


21st September, 1938 

7 


14th October, 1938 

4 


19th October, 1938 

i 

77 

i 1 

Six patches of cow- 
dung together. 
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Several collections of muscoid larvae were made in March, April, and May 
1939, but not a single specimen of this species was obtained. 

Material and methods. — The eggs were obtained by dissection from gravid 
females, and measured in normal saline solution. In describing the other structures 
we have mainly followed Keilin (1917) and Muirhead Thomson (1937), and have 
dealt only with those characters which are useful for systematic purposes, and 
those which throw some light on the feeding habits. 


Egg [Plate XL, fig. (a)]. 

The egg is stalked as in M. spinohumera and M. pattoni which also breed in 
cow-dung. It measures 3-2 mm. in length and 047 mm. in breadth. The stalk 
is less than one-quarter of the total egg-length. 

The number of eggs produced per batch is about 22 (wild flies). A laboratory- 
bred fly, sustained by feeding on a rabbit, sugar, and water, produced seventeen 
eggs. 

Third stage larva. 

The ampliineustic larva conforms to the Musca type (Hewitt, 1914), but is 
relatively large ; the length is about 15 mm., and its colour is creamy white. 

The colourless inter-segmental spines are well developed for a Musca larva. 
They form complete belts lit the anterior margin of all the segments and cover the 
ventral pads. In addition to these primary bands, there are secondary bands 
placed at the posterior margins of the first six abdominal segments [Plate XL, 
fig. (6)]. The spines of the secondary bands are most prominent laterally and in 
the mid-dorsal line of the posterior segments. The primary bands and traces of 
the secondary bands are also present in the larva of M. pattoni var.*, but not 
in the larvae of the common house-frequenting species, M. domestica, M. vicina, 
M. nebido, M. sorbens, and M. yerburyi. M. vetustissima has the spined lateral 
ridges of the secondary bands. 

The eighth abdominal segment [Plate XL, fig. (e)] is covered with spines. The 
anal plate [Fig. (c) — an. pi. and Fig. {d)] is devoid of spines, and has long, broad 
wings, whereas in M. domestica (Muirhead Thomson, loc. cit.), M. vicina, and 
M. nebulo the wings are not developed at all, and in M. sorbens the wings are 
short, narrow, and tapering. 

Anterior spiracles. The number of papillae is commonly twelve, though as in 
other larvae there may be slight variation. 

Posterior spiracles [Plate XL, fig. (e)]. The spiracular plates are very large ; 
they measure 0'51 mm. in height and 035 mm. in width. The corresponding 
figures for M. nebulo [Fig. (/)] are 030 mm. and 2-4 mm., respectively. The 
distance between the plates is about one-fifth the width of a plate. The inner 
margin may be broadly indented, so that the plate is kidney-shaped. The 
peritreme (p) is densely chitinized. The stigmata or spiracular slits (st.), three 
in number, are narrow and very convoluted. 


*Hairs present on the supra-squamal ridge. 
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Cephalopharyngeal skeleton [Plate XL, fig. (g)]. The mandibular sclerites or 
lateral hooks (l.h.r., l.h.l.) are curved and narrow, especially the left, which, as is 
usual in Musca, is shorter than the blunt, right hook, but the disparity is not so pro- 
nounced as in the domestica group. The coronoid processes (c.p.) are well developed. 
The dental sclerites ( d.s .) do not form a median ventral arch. The intermediate 
sclerite {m.s.) is separate from the pharyngeal sclerite. The latter (ph.s.) has the 
posterior emarginations. The lateral plates ( l.p .) are unevenly chitinized, the 
densest parts being the anterior margin and the dorsal bridge (d.b.). The ventral 
plate is provided with longitudinal ridges [ph.r.). Thus, from the presence of 
pharyngeal ridges, the absence of accessory sclerites, and the loose articulation of the 
intermediate piece, the larva is shown to be saprophagous in its feeding habits. 

Puparium [Plate XL, fig. (A:)]. 

The dark-brown puparium measures 6*5 mm. in length and 3 mm. in breadth. 
The descriptions of the larval structures which are present in the puparium apply 
here, except that the parts are now strongly chitinized and somewhat shrivelled. 

The pupal spiracles [Fig. ( h ) and Fig. (k) — pup. sp.] are present, projecting 
dorso-laterally from the posterior margin of the first abdominal segment. The 
papilla; of the intra-pupal spiracles [Fig. ( h)—i.p.s . and Fig. (j)] are arranged in 
a longitudinal pattern consisting of about nine groups. 

Eelosion is by the usual splits. , 

The pupa is parasitized by Dirhinus pachycerus Masi (Ord. Hvmenoptera, 
Sup.-fam. Chalcidoidea, Fam. Chalcididse). 
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[Received for publication, December 31, 1939.] 

The phenomena of dissociation of Pasteurella pestis have not yet been fully 
worked out and the findings of workers on the subject differ. Wu Lien-Teli (1936) 
has given a very comprehensive review of the diverse conclusions of the various 
workers and concludes that further studies on this subject, including exhaustive 
investigations of quite fresh material, are called for. As recently-isolated as well 
as old cultures of Pasteurella pestis are available at the Haflkine Institute we under- 
took this investigation to clear the position, if possible. 

The preliminary study consisted of noting the colonial morphology, morphology 
of the organisms, growth and stability in broth, etc., of individual strains. 

Experimental methods. 

Media : blood agar. — In order to study colonial morphology and variation, five 
per cent superimposed rabbit-blood agar was used. The slopes were inoculated 
from appropriate dilutions of the growth, so as to give widely separated colonies 
between 20 and 30 for each. These were incubated in the humid incubator at 37°C. 
for 72 hours and in some cases at room temperature (27°C. to 29°C.) as well. A 
binocular dissecting microscope (Bausch and Lomb) was employed in studying the 
colonial morphology and the smears from individual types of colonies were examined 
after staining with carbol-thionin solution. 

, B r °th- Hafildne’s acid-digest broth pH 6‘8 was utilised for noting the charac- 
teristic type of growth, and the morphology of the organisms by staining as well 
as under the dark-ground illumination. The broth tubes after inoculation were 
J > ( 823 ) 1 
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incubated at 37°C. for 48 hours and in some cases at room temperature (27°C. to 
29°C.) as well. 

Normal saline containing 0'85 per cent sodium chloride was used for ‘salt 
stability ’ tests. One millimetre loopful of the growth at 37°C. on blood agar was 
emulsified in 3 c.c. of normal saline distributed in test-tubes 4" X 0-5". These 
tubes were then incubated at 37°C. and observed after 24 and 48 hours. 

The preliminary work in this series was confined to the strains 120/5H virulent 
and avirulent. This strain was originally isolated from the heart blood of a septi- 
ceomic case during the 1932 plague epidemic of Hyderabad. In 1939, for the present 
study, this strain was passaged through Madras rats ten times and a fully virulent 
form of the strain obtained. The avirulent form of this strain was obtained by 
Sokhey (1936) through a series of sub-cultures on ‘ acid-digest agar * incubated at 
37°C. 

Colony appearance. — Two distinct types of colonies were obtained from these 
sub-cultures. The virulent culture of 120/5H produced uniform small translucent 
dew-drop-like colonies with a shiny pearl-like appearance. They were convex, 
rounded with a smooth glistening surface. These we have designated as ‘ smooth 1 
though we do not attach the same significance as in the case of other bacteria. 

The avirulent culture of 120/5H produced comparatively large-sized colonies 
with a pin-pricked, sometimes rugose, surface and irregular, broken, or serrated 
margins. 

Morphology of the organisms . — The ‘ smooth ’ colonies consisted of uniform 
oblong bacilli (Plate XLI, fig. 1), while the ‘rough’ ones were composed of long 
forms of varying sizes as shown in the microphotographs (Plate XLI, fig. 2). 

Carbohydrate and protein reaction . — The carbohydrate and the protein reactions 
of the virulent and avirulent cultures showed appreciably no differences. It may, 
however, be observed that under identical conditions of inoculation and incubation 
the virulent cultures exhibited more marked activity in fermenting the sugars, while 
the avirulent ones were sluggish. 

The protein reactions were the same in both cases, the virulent and the 
avirulent forms giving positive nitrite reaction. 

Type of growth in broth. — The virulent growth in broth was uniformly turbid, 
while the avirulent one gave a granular deposit at the bottom and sides with a 
comparatively clear supernatant fluid. On shaking the granular growth distributed 
itself in the fluid in clumps which again settled down after a short time. The 
virulent culture was ‘ salt stable ’, while the avirulent was ‘ salt sensitive 

Appearance under dark-ground illumination. 

Broth cultures. —The virulent growth at 37°0. exhibited chain formation, the 
mdividua members composing the chain retaining the normal ovoid forms. In 

the avrru ent growth the chains were much longer, the individual organisms thinner 
and of varying lengths. 9 
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Agar growth . — Agar growth showed no chain formation in either strain at 37°C. 
or 27°G. ; the organisms of the avirulent strain were long and slender, while those 
of the virulent strain were ovoid and stouter. 

Sub-cultures from individual colonies . — To ascertain whether the type of colonies 
observed were capable of breeding true, isolated colonies were picked up, emulsi- 
fied, and cultured on blood agar to get discrete colonies. 

The avirulent strain reproduced a majority of colonies similar to its parent at 
37°C. as well as at room temperature (27°C. to 29°C.). The virulent on the other 
hand gave a majority of ‘ smooth 5 colonies at 37°0. and a larger proportion of 
* rough ’ colonies at the room temperature. 

The main characters of the virulent and avirulent strains of 120/5H may be 
summarized as follows : — 


Virulent, 

1 

i Avirulent. 

1 . 

Majority of the colonies small, ‘ smooth \ 
transparent, convex, glistening, and 
with regular margins. 

Majority of the colonies fairly large with pin- 
pricked or rugose surface, flat, opaque with 
serrated or broken peripheries. 

' 2. 

Organisms normal being ovoid. 

Organisms long and thin exhibiting pleomorphism. 

3. 

Uniformly homogeneous growth in 
broth. 1 

Granular growth with deposit at bottom and sides 
and a fairly clear fluid at the top. 

4. 

Salt stable. 

Salt sensitive. 

5. 

Breeds a majority of 4 smooth 1 colo- 
nies at 27°C. as well as at 37°C. 
sub-cultures. 

Breeds a 'majority of rough colonies at 27°C. as well 
as at 37°C. sub-cultures. 

t 


Morphology of primary colonies . — The study was extended to the primary 
cultures received from an epidemic area (Bettiah) in 1937-38. As a routine, blood 
from a plague-infected case is spread on standard agar slopes, these slopes being 
paraffined, capped, well packed, and posted to Bombay. At the time of arrival 
Pasleurella pestis colonies are apparent ; the cultures being about four days old, 
growing in transit. A similar procedure is followed in the bubo cultures, the 
material from the punctured bubo being used for the inoculation of the tubes. 

The cultures investigated were from the blood and buboes of septicaemic. cases. 
As a result of the study of such cultures we came across three distinct types of 
colonies, leaving out the minor differences. 

A photograph of the important types of colonies that we have been able to 
observe in these primary cultures is shown. 

t primary cultures from the blood as a rule presented the following distinct 

types of colonies : a small, a large, and an intermediate medium-sized variety. The 
small colonies were smooth, translucent with shiny surface (Diagrams 1, 3, 6, 7, 
and 9, Plate XLII). The large colonies were ‘ rough with irregular, broken edges’, 
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pin-pricked, rugose, or convoluted surface or at times even circumvallate (Diagrams 
2, 4, 10, 11, and 14, Plate XLII). The intermediate type consisted of medium- 
sized colonies with irregular margins and ruffled surface, sometimes showing a 
nippling in the centre or gemmation, or at times appearing like a blob of pus 
(Diagrams 8, 12, and 13, Plate XLII). 

The bubo cultures presented two distinct types of colonies, one type consisting 
of small, convex * smooth 5 rounded colonies, with well-defined margins, and the 
other consisting of large, £ rough ’ surfaced whitish protruding colonies. In colonial 
characteristics, morphology of the organisms, nature of growth in broth, salt stabil- 
ity, and other characteristics the small ‘ smooth ’ colonies resembled those obtained 
from the virulent cultures of 120/5H, and the large whitish * rough ’ colonies were 
similar to the ones obtained from the avirulent strain. The intermediate type 
microscopically showed normal type of ovoid organisms as well as marked pleo- 
morpkism, and as its name implies, seemed to be a middle stage between the two 
colonies. 

To ascertain whether these and other strains stocked at the Haffkine Institute 
were capable of breeding true, sub-cultures of individual type of colonies were made 
as described above. As a general rule the room-temperature growth of the virulent 
strain gave a small percentage of ‘ rough ’ colonies but the 37°C. growth propagated 
almost all ‘ smooth ’ colonies, though the predominance of the ‘ rough ’ or the 
' smooth ’ type at the respective temperature varied from strain to strain. 

Tables A and B given below show the approximate percentages of the ‘ smooth 5 
and ‘ rough ’ colonies which were obtained on sub-culturing a few of the stock strains 
of Pasteurella j>estis at room temperature and 37°C. 


Table A. 

Incubation at room temperature (27 °C. to 29 °C.). 


Strain s» 

‘Smooth’. 
Per cent. 

1 Rough \ 
Per cent. 

Vimlabai 

27 

73 

mjb .. 

30 

70 

35/B , . 

60 

40 

36/H 

58 

42 

120/5R (10th passage) 

85 

15 

*120/511 avirulent . . 

2 

98 

*p 

» • * 

10 

90 

*Q 

6 

94 

55/H „ 

* r> j .i » , . - . 

75 

25 


TOCraltarert^C. 6114 ^ (1 ° 36) throu § h re P eated 
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Table B. 


• Incubation at 37 °0. 


Strains. 

‘Smooth’. 
Per cent. 

‘ Rough \ 
Per cent. 

Vimlabai 

65 

35 

34/B . . 

78 

22 

3 5/B . . 

80 

20 

36/H .. 

55 

45 

120/5K (lOtli passage) 

98 

i 

2 

*120/5H avirulent . . 

8 

92 

99 • * • ‘ 

12 

88 

*Q „ .. 

10 

90 

55/H 

92 

8 


* Rendered avirulent by Sokhey (1936) through repeated 
sub-culture at 37°C. 


It would be observed that no virulent strain gave cent per cent c smooth ’ 
colonies at 37°C. or an avirulent strain cent per cent * rough 5 colonies at 27°C. 

Serological differentiation of the strains. 

The presence of a soluble material in the washings of the growth of Pasteurella 
peslis, especially when grown at 37°C., has been observed. This substance is practi- 
cally obtained by the same technique as the * envelope substance ’ of Schutze (1932) 
and we have designated as the ‘ soluble substance ’. One of us (Wats, 1938) worked 
with a lysate of the agar-growth cultures of Pasteurella pestis for titrating the anti- 
plague sera prepared at this Institute. It was noted that the lysates of some strains 
were very poor for the precipitin reaction as compared to others. An attempt 
was made to correlate this finding with the characteristics of ‘ rough ’ and ‘ smooth ’ 
colonies noticed above. 

Experimental methods. 

Preparation of the soluble substance solution . — One mm. loopful of the culture 
to be tested was ilioculated into acid-digest broth and incubated at 37°C. for 48 
hours. Roux bottles containing acid-digest agar were inoculated with this broth 
culture and incubated at 37°C. for 72 hours. The resulting growth was washed 
■with about 15 c.c. of normal saline, well shaken by hand, and allowed to stand at 
temperature for two hours. The tubes were then heated in a water-bath 
(oo C.) for 30 minutes, centrifugalized to obtain a clear supernatant fluid. 
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Antiplague serum . — For this test polyvalent antiplague serum (No. 16) was 
employed. This serum was prepared at the Haffkme Institute by immunizing 
horses with 37°C. live growth of 120/5H (avirulent) and later with other mixed 
strains. The strains used for this particular horse are 120/5H (avirulent and viru- 
lent), Yimlabai, Strain Nos. 34 to 39 and Nos. 49 to 56. 

Technique of the test . — The method of optimal proportions as described by 
Dean and Webb (1928) was used for putting up the test. To decide the appropriate 
dilutions of the serum to be used, a range of antiserum and S. S. solution were put 
and finally 1 /200 dilution of the antiplague serum was selected, being most suitable 
for comparative purposes. 

To enable us to read the results in all the tubes simultaneously, strips of alu- 
minium sheeting §" broad with holes corresponding to the rows in the agglutination 
rack were loosely fitted to the metal rack. Lipped agglutination tubes of a uni- 
form size (4 cm. X 0*5 cm.) were fitted through the aluminium strips in the agglu- 
tination stands. Into each tube 0*5 c.c. of the appropriate dilution of the S. S. 
solution was poured and 05 c.c. of the 1 /200 dilution of the antiserum added. The 
dilutions of the S. S. solution were 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, and 1/128. 
The appropriate controls with normal saline and normal horse serum were put up 
with each series of experiments. The tubes were heated in a water-bath (55°C.) 
for two hours. The readings were noted after every 15 minutes and the dilution 
of the S. S. solution showing the optimal flocculation noted. It is evident that 
as the serum dilution is constant, the higher the dilution of the S. S. solution 
required to give the optimal flocculation, the higher the soluble substance contents 
of the washings. 

The Table summarizes the results of the study of the types of growths on 
solid and in liquid media, the morphology of the organisms and the S. S. titre. 
The cultures were cultivated at 37°C. except where'otherwise stated : — 


Table. 


Strains, 

» Tvpes of colonics, j 

i | 

Microscopic 

appearance. 

Types of growth 
in broth. 

S, S. titre. 

53/ H .. 

I 

. 1 Medium-sized inter- 
1 mediate. 

Pale staining plump 
organisms rather 
longish. 

Partly homogeneous 

1/16 

Java . . 

Large flat and 
‘ rough \ | 

Pale staining ovoid 
forms. 

Granular * . 

1/4 

Egypt 

Large* rough * as 
well as circumval- 
late. 

1 

Deep staining Iong- 
ish organisms. 

Fairly homogeneous 

1/16 

S. Africa 

. Small translucent ! 
dew-drop-like and j 
large whitish ! 
j opaque convex. | 

I , 

Organisms long and 
thin many thready 
forms. 

do. 

1/4 
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Strains. 

Types of colonies. 

Microscopic 

appearance. 

Types of growth 
in broth. 

S. S. titre. 

49/Bit 

Small ‘smooth s 
shiny pearl-like. 

Uniformly stained 
ovoid forms. 

Homogeneous 

1/2 

35/B . . 

Large and small 
‘ smooth ’. 

Pale staining ovoid 
organisms. 

do. 

1/8 

36/H . . 

Small uniform sized 
* smooth ’. 

Thready forms 

Granular growth .. 

1/4 

55/H . . 

Small ‘smooth’ 
shiny. 

do. 

do. . • 

1/64 

56/H . . 

Large ‘ smooth ’ « . 

do. 

do. 

1/8 

40/M . . 

Small ‘ smooth ’ and 
pearty. 

Short ovoid forms 

Homogeneous 

1/32 

39/B .. 

Uniform sized 
‘ smooth 5 glisten- 
ing. 

Small plump and 
ovoid forms. 

do. 

1/8 

34/B . . 

Small flat ‘ smooth ’ 
glistening with a 
metallic lustre. 

Faintly staining 
small p 1 u in p y 
fogms. 

do. 

1/8 

1. virulent 

Large ‘smooth’ i 
shiny. 

Very pleomorphic 
varying from ovoid 
to stout rod- 
shaped forms. 

Fairly homogeneous 

i/4 

I. avirulcnt 

Large ‘ rough ’ . . 

Very long and thin 
forms, few thready. 

Granular 

Nil 

120/5H . . 

Small dew -drop dike 
translucent shiny. 

Bipolar staining 

uniform sized 
organisms. 

Homogeneous 

1/64 

120/5H avirulcnt 

Large ‘ rough ’ 

Uniformly stained 
rod-shaped or- 

ganisms. 

Granular growth 
with deposit at 
bottom and sides. 

1/64 

120/5H avirulent 
(27°C. growth). 

Largo * rough ’ 

Uniformly stained 
long thin forms. 

do. 

Nil 

P. avirulent 

* Rough ’ circumval- 
late, rather large. 

Almost all the forms 
typically thready. 

do. 

Nil 

Q* avirulent 

* Rough ’ and cir- 
cumvallatc. 

Long thready forms, 
few slender forms. 

do. 

1/32 

Madagascar, E. V. 
(Avirulent strain 
used for manu- 
facturing live 
vaccine). 

Small and large 
‘ smooth 

Ovoid and f e w 
thready forms. 

Homogeneous 

i 

1/64 
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Discussion. 

Though no hard and fast rule can be laid down in the case of Pasteurella pestis 
it is apparent that there is undoubtedly a correlation between the colonial 
morphology, the morphology of the organisms, and the type of growth in the broth. 
The ‘ smooth 5 colonies always seem to show a normal type of organism, plump 
and ovoid, and a fairly homogeneous growth in broth. On the contrary in the 
‘ rough ’ colonies the organisms appear long, thin and sometimes thready, with a 
granular type of growth in broth. 

Soluble substance. — The presence or absence of the S. S. is obviously not 
dependent on the production of the ‘ smooth ’ or ‘ rough 5 colonies by a strain, 
but as a general rule it may be stated that a strain producing majority of * rough ’ 
colonies is likely to be poor in the S. S. value. 

Relationship to virulence. — It is also evident from the Table that the presence 
or absence of the S. 8. has no relation to the virulence or non-virulence 
of the strains studied as avirulent strains, e.g., Madagascar, Java, Egypt, 120/5H, 
Q, etc., show its presence in varying proportions. It is, however, to be noted that 
all virulent strains inevitably produce it though the S. S. titre varies from strain 
to strain. 

The significance oj the soluble substance. — Sokhey (1936) tested the relative 
value of the antiplague vaccines made from heat-killed virulent and live avirulent 
cultures of 120/511. These vaccines weie prepared from agar-grown organisms 
incubated at 27°C. In subsequent work he compared the value of the live avirulent 
vaccines with heat-killed virulent strain vaccine prepared from the agar growth 
of 120/5H at 37°C. From his results it is evident that the 27°C. agar growth of 
avirulent strain of 120/5H gave a very poor vaccine, whereas the 37°C. agar of both 
virulent as well as avirulent gave potent vaccines in both cases — avirulent being 
if anything better than the virulent one. If we refer to the Table above, it will be 
seen that the S. S. titre of 120/5H avirulent is nil in the case of 27°C. growth, while 
on the contrary the 37°C. growth of the avirulent as well as virulent cultures show 
an equally high titre of the same. If the presence or absence of the S. S. can be 
used as an indication of the protective value of the strain we should expect the 
I. avirulent strain to give a very poor vaccine even at 37°0., as the S. S. titre is nil. 
That this is so, is evident from Sokhey ’s findings (Sokhey, 1937). He states that 
the antigenic value of this strain has entirely disappeared during the process of 
rendering it avirulent by repeated sub-culturing at 37°C. Further work is being 
carried out to develop this point. 


Summary and conclusions. 

1. The colonial morphology of Pasteurella pestis has been studied from several 
virulent and avirulent strains. The production of the types of colonies on sub- 
culture, as well as the morphology of the organism and the types of growth in broth, 
have been investigated. 
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2. The soluble substance in the supernatant fluid of the heated washings of 
the agar-grown cultures has been estimated in the various strains and its significance 
discussed. 

3. The titre of the soluble substance seems to indicate the antigenic value 
of a strain. 
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Introduction. 

In the study of bacterial nutrition the concept of growth factors is of much 
importance. A growth factor is distinguished from the numerous other compounds 
that a micro-organism may utilize in the course of its growth by the fact that in its 
absence no growth occurs. Its indispensability is an expression of the more signi- 
ficant fact which was first pointed out for bacteria by Knight (1936) that the 
organism has lost' the ability to synthesize the molecular structure represented by 
the growth factor. In the absence of a deeper insight into the reactions taking 
place in the' cell during growth this view, till now, has adequately summed up the 
function of the growth factor in nutrition. There are two types of bacterial growth 
factors : (1) simpler molecules, such as the amino acids and (2) more complex 
molecules, such as thiamin, nicotinic acid, etc. The latter type of compounds 
have more recently acquired a new interest on account of the discovery that 
they have a universal and fundamental role in cellular respiration. It has been 
found that some of the complex growth factors are identical with a nima l 
vitamins ; and further that these compounds owe their importance both in the 
animal and in the bacterial cell to their function as co-enzymes in enzymatic 
oxidation systems. Co-enzymes differ from enzymes in being lieat-stable com- 
pounds of lower molecular weights and in functioning as hydrogen-carriers in 
oxidation-reduction reactions (Baumann and Stare, 1939 ; Barron, 1939). The 
recent work on four complex 'bacterial growth factors, which figure in the experi- 
ments reported below, can be briefly summarized as follows : — 

Thiamin . — Thiamin or aneurin is identical with vitamin Bj. Knight (1937) 
and Knight and Mcllwain (1938) have shown that thiamin is a growth factor for 
Staphylococcus aureus. A clue to the function of this vitamin in metabolism was 

( 833 ) 
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provided by Lohmann and Scbiister (1937) when they showed that thiamin pyro- 
phosphate is the co-enzyme of the enzyme carboxylase of yeast which breaks down 
pyruvic acid to acetaldehyde and carbon dioxide. These authors suggested that 
the pyrophosphate is the active form of vitamin Bj in animal tissues ; and this 
hypothesis has now been proved by Banga, Ochoa and Peters (1939). Lipmann 
(1937) has shown that, the pyrophosphate is necessary (but not the free vitamin) 
for the oxidative de-carboxylation and the dismutation of pyruvic acid by acetone 
preparations of Bacterium, delbmclcii. Hills (1938) has found that thiamin is 
necessary for the oxidation of this substrate by Staph, aureus. And more recently, 
Barron and Lyman (1939) have found a similar role for this growth factor and its 
pyrophosphate in staphylococci, gonococci, and hasmolytic streptococci. 

Phosphopyridine nucleotides. — The two compounds di- and triphosphopyridine 
nucleotides are the co-enzymes I and II, respectively, of fermentation and de- 
hydrogenations. Lwoff and Lwoff (1937a) have shown that Hcemophilus para- 
influenzas cannot grow unless one of these is provided and that either of them is 
identical with the Y-f actor. They have demonstrated the close dependence of 
oxygen uptake and methylene-blue reduction of the bacteria on the amount of 
nucleotides available. The elucidation of the structure of these compounds and 
their function in de-hydrogenations is due to Warburg who has shown that they 
consist of one molecule of adenine and one of j8-nicotinic-acid amide combined 
with 2 or 3 molecules of phosphoric acid and two of ribose ; and that by being 
alternately reduced and oxidized they serve to carry hydrogen from and to 
substrate molecules (Warburg, Christian and Griese, 1935 ; Warburg and Christian, 
1936a, b). 

Nicotinic acid. — Nicotinic acid is the anti-pellagra vitamin. Knight (1937) 
was the first to report on the necessity of this compound for the growth of Staph, 
aureus. Its importance for the cell is supposed to be due to its occurrence (as 
nicotinic-acid amide) in the molecule of the phosphopyridine nucleotides. 

Hcematin. — Heematin is identical with the A-factor for Hcemophilus influenzae. 
The large amount of older work on this growth factor, which has been summarized 
by Knight (1936), showed that A-aetivity is associated with peroxidase and 
catalase activity, and that the compound is necessary for aerobic mode of life but 
not for anaerobic existence. In a more recent work Lwoff and Lwoff (19376) have 
investigated the necessity of heematin as a growth factor for Hcemophilus and have 
further shown that it is necessary to maintain the level of respiration. They have 
suggested that heematin is required for the formation of cellular oxidation systems 
containing this molecule as the prosthetic group, such as cytochrome, cytochrome- 
oxidase, catalase, and peroxidase. 

In a previous paper (Rao, 1939) it has been shown that, while only three 
amino acids — proline, phenylalanine, and cystine — are indispensable for the growth 
of the plague bacillus the more complex type of growth factors are not essential. 
The latter type of compounds, therefore, can be considered to be structurally 
dispensable. However, in view of their function as cellular catalysts they should 
possess a stimulatory activity on the metabolism and the growth of the organism. 
This question has been tested experimentally in the present paper with the help 
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of six compounds known to function as growth factors or as co-enzymes, viz., 
(1) hfematin, (2) cozymase or diphosphopyridine nucleotide, (3) thiamin, (4) nicotinic 
acid, (5) isoalloxazine-adenine-dinucleotide, and (6) /1-alanine. Three series of 
experiments are described : — 

I. The stimulation of the growth of the organism by the compounds in 
a chemically defined medium. 

II. The stimulatory effect of the compounds on the respiration of growing 
cultures of the organism. 

III. The stimulatory effect of the compounds on some of the oxidations 
catalysed by washed suspensions of the bacillus. 

Technique. 

An amino-acid medium for growth tests. — For testing the stimulatory action 
of the selected compounds on the growth of the bacillus a medium of known chemical 
composition is necessary. For this purpose an amino-acid mixture based on the 
similar medium previously described (Rao, 1939), but containing twelve amino 
acids was designed. The composition of the new medium is given in Table I. It 
has been enriched considerably by the inclusion of several amino acids known to 

Table I. 

An amino-acid medium for the plague bacillus. 


Constituent. 

Concentration, 
mg./500 c.c. 

eZZ-proline 

70 

cZZ-pkenylalanine 

107 

Z-cystine 

40 

dl- alanine 

60 

cZ-glutamic acid . . . . 

50 

glycine 

50 

Z-tyrosine 

64 

dZ-serine 

70 

cZZ-isoleucine 

65 

dZ-leucine 

90 

dZ-metkionine 

75 

dZ-valine 

65 

Bacterial ask equivalent to 

25 mg. bacteria. 

M/30 pkospkate buffer at pH 7*4 

50 c.c. 
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be utilized by the organism (Rao, 1940), and by the omission of those which are 
unattached. The concentration of the natural optical isomer of each amino acid 
is M/1500 ; while the concentration of glycine is M/750. Instead of depending 
on the impurities contained in phosphate and other constituents for the supply of 
indispensable inorganic elements (of which we have no knowledge at present) the 
ash of the organism itself was prepared and added. The addition of special carbon 
sources, such as glucose and lactic acid, was found to cause the organism to grow 
in clumps, particularly when the medium was poorly buffered, so that observation 
of growth by turbidity was difficult. 

The test compounds. — The details of preparation, purity, etc., of the compounds 
whose activity was to be tested are as follows : — 

1. Cozymase. — This compound was prepared by the method of Ohlmeyer 

(1938) from dry beer yeast. Its purity was about 0*2. 

2. Hcematin. — A sample supplied by Merck was used. A standard solution 

in dilute HaOH was prepared. The compound remains in solution 
only when the pH of the medium is on the alkaline side of pH 7. 

3. Thiamin. — A crystalline synthetic specimen by Bayer was used. 

4. Nicotinic acid. — This compound was synthesized according to the method 

described in £ Organic Syntheses ’ (Gilman, 1932). 

5. Isoalloxazine-adenine-dinucleolide. — This compound is the co-enzyme of 

d-amino-aeid oxidase of animal tissues and the diaphorase of cellular 
oxidation systems. It is the prosthetic group of Warburg’s yellow 
ferments. Its riboflavin moiety is identical with vitamin B 2 . The 
dinucleotide was isolated from Marmite, which was found to be a 
richer and a more convenient source than the usual yeast maceration 
extract, by the method of Warburg and Christian (1938) for the latter, 
viz., extraction with phenol, precipitation as the silver salt, conversion 
into the barium salt, and a re-extraction with pure phenol. A watery 
solution containing the compound from 1*0 g. Marmite in 1*0 c.c. was 
finally prepared. This compound is referred to as flavin below. 

6. fi-alaninc.-~This was a synthetic sample supplied by Schiiehardt. 

Conduction of growth tests. — The tests were designed to observe the stimulatory 
effect of the above compounds on the growth of the organism in the amino-acid 
medium. Into each specially cleaned thick-walled test-tube 10 c.c. of the amino- 
acid mixture were added along with the concentrations of the test compounds 
given in Table II. The tubes were sterilized at 120°C. for 20 minutes. All the 
compounds are fairly stable at this temperature except possibly cozymase. The 
tubes containing the latter were sterilized at 110°C. for 5 minutes. The amino- 
acid mixture contains all the factors essential for the growth of the orga nis m. The 
only activity expected from the added test compounds was, therefore, a further 
stimulation of the growth. For estimating the degree of stimulation a simple 
procedure similar to that usually employed in nutritional studies was followed. 
Observations were made on the ability of the added compound to shorten the lag 
period of growth, or in other words, to initiate an earlier multiplication of the added 
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inoculum over that of the control consisting of the amino-acid mixture only. The 
lag phase is unusually long in the case of the plague bacillus in the laboratory media 
(except blood agar) and is even longer in the amino-acid medium. The reduction 
in the length- of this period, therefore, gives a reliable indication of the stimulation 
exercised by the test compound. The tubes were inoculated with a well-washed 
suspension of strain * 120/5 H, virulent ’. (This strain has been already submitted 
to detailed study in the previous papers). The bacillus was grown on agar slopes, 
as described before, collected in saline and washed on the centrifuge six times with 
large batches of saline, 50 c.c. to 1 c.c. of sedimented bacteria, after thoroughly 
re-suspending the cells each time. The suspension was finally brought to opacity 
2 on Brown’s scale and a 2-mm. loopful inoculated into each tube. The platinum 
loop was ignited to red heat between two inoculations to destroy all adhering 
organic matter. The tubes were kept at 27°C. and observed at regular intervals 
for the appearance of turbidity due to growth. They were examined in the 
dark-room in the concentrated beam of a Pointolite lamp after wiping the' outer 
surfaces of the tubes with a moist cotton to remove dust. This method enables 
the faintest appearance of growth to be detected. 

Manornetric experiments . — The stimulation of the respiration or the oxygen 
uptake of cultures of the organism was measured in Warburg manometers at 37°C. 
2‘00 or 3 - 00 c.c. of 2 to 7 days’ old culture of the bacillus in nutrient broth were 
placed in the main chamber of each manornetric vessel. The test compound in 
solution was placed in the side bulb and tipped into the culture at the commence- 
ment of measurement. Twenty per cent KOH was placed in the central well of 
the vessel on a roll of filter-paper to absorb the respiratory CO 2 . For studying 
the effect of the compounds on the oxidations catalysed by bacterial suspensions, 
the organism was grown on agar in Roux bottles as usual but was collected and 
washed twice on the centrifuge in M/15 phosphate buffer at pH 6*5. Each 
manornetric vessel contained bacterial suspension equivalent to 5 mg. (dry weight) 
bacteria in the side bulb and an excess of the substrate represented by 1*0 c.c. of- 
M/10 solution in the main chamber. The quantities of the test compounds added 
to the vessels are given in the tables containing the results of these experiments. 
The oxidations were studied at 37°C. Further details regarding the manornetric 
study of these oxidations are given in a previous communication (Rao, 1940). The 
following substrates were chosen for study : glucose, hexosediphosphate, pyruvate, 
lactate, and alanine. In some experiments proline and phenylalanine were also 
included. The selection of 37°C. for the study of metabolism instead of 27°C. 
previously adopted is based on experiments which show that the oxygen uptake 
of cultures is double at the former temperature than at the latter. The metabolism 
is also greater at pH 6*5 and at pH 7*5 than at the previously employed pH 7*0. 
However, collecting and centrifuging of the organism is preferable at pH 6*5 since 
a better sedimentation of the bacteria is obtained at this reaction. 

Experimental results. 

I. The effect of the test compounds on growth in the amino-acid medium. The 

first series of experiments were on the activity of the six compounds, luematin, - 
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cozymase, thiamin, nicotinic acid, /3-alanine, and flavin, in reducing the lag period 
of growth of an inoculum in the amino-acid medium. The results are presented 
in Table II. The effect of each compound has been tested singly as well as in a 
few combinations with each other. The results show that haunatin, of all the 
compounds tested, has the greatest effect on promoting the growth of the bacillus. 
Three other compounds : cozymase, thiamin, and nicotinic acid, have an identical 
but lesser activity. /3-alanine has a slight effect. Flavin has no action whatever 
and is rather inhibitory in combination with other compounds. Hsematin shows 
the maximum effect in combination with thiamin and nicotinic acid. The four 
compounds, hsematin, cozymase, thiamin, and nicotinic acid, may therefore be 
considered to be growth stimulants. 

Table II. 


The effect of hcematin and other compounds on the growth of the plague 
bacillus in an amino-acid medium. 






Growth in*:- 

- 





12 hours. 

36 hours. 

72 hours. 

1 . 

Control 

• • 


0 

tr. 

+ 

2 . 

yy 

4 hoamatin ( 20 y/c.c.) 


+ 

44 

444 

3. 

yt 

4 cozymase (lOy/c.c.) 


tr. 

+ 

+ 

4. 

yy 

-f thiamin (lOy/c.c.) 


tr. 

4 

4 

5. 

9f 

4 - nicotinic acid ( 20 y/c.c.) 


tr. 

+ 

4 

0 . 

» 

4- /3-alanine ( 20 y/e.c.) 


tr. 

tr. 

4 

7. 


4 - Gavin ( 0*02 c.c./c.c.) . . 


0 

tr. 

4 

8 . 

>1 

4 - hsematin 4 * thiamin 


4- 

++ 

+++ 

9. 

yy 

4 - hmmatin 4 - thiamin 4 - nicotinic acid 


44 

+ + + 

444 

10 . 

it 

4 - hrematin + thiamin 4 nicotinic 
p -alanine. 

a ci d 4 

44 

444 

+++ 

11 . 

yy 

4 - hrc matin 4 ~ thiamin 4 nicotinic 
/3- alanine 4 - flavin. 

a c i d 4 

4 

++ 

++ 

12 . 

yy 

4 thiamin 4 nicotinic acid 

*• 

tr. 

4 

+ 4 

13. 

ft 

4 - thiamin 4* nicotinic acid 4* /3-alanine 

. . 

i 

! tr. 

+ 

44 

14. 

ft 

4 - thiamin 4 - nicotinic acid 4 “ jS- alanine 4 - flavin 

0 

i 0 

tr. 

15. 

yy 

4 - nicotinic acid 4 £ -alanine 


tr, ' 

+ 

4 

1G. 

yy 

4 - nicotinic acid 4 /3-alanine 4- flavin 

. . 

0 

0 

tr. 

17. 

yy 

4 - /3-alanino 4 flavin 


0 

0 

tr. • 


ly 0*001 mg. tr* *= traces of growth. 
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II. The effect of the growth stimulants on the respiration of growing cultures . — 
If a compound lias a stimulatory effect on the growth of the bacteria, it may be 
expected to possess an activating effect on their metabolism as well. To test this 
possibility the effect of the above four growth stimulants on the 02-uptakes of 
growing cultures of the bacillus were measured manometrically. Table III 
presents the results of a typical experiment. All the four compounds are found 
to increase the 02-uptake of the culture. But the extent of the stimulation 
observed here does not strictly parallel the activity displayed in growth, the 
concentrations of the compounds to each other being kept the same for comparison. 
Nicotinic acid has now the greatest effect ; next come thiamin, cozymase, and 
hsematin in order. Hsematin which has the greatest stimulation effect on 
growth has the least stimulation on respiration. Flavin, which was included for 
comparison, has an inhibitory effect. 

Table III. 

The effect of groivth stimulants on the oxygen uptake of the plague culture. 


(Two c.c. of a 72-hour-old culture per manometric vessel.) 


- * 


J Oxygen uptake. 

Broth- culture alone (control) 

137 

cu.mm, in 120 minutes. 

2- 

+ lOOy cozymase 

152 

>t 

3 - 

+ 200y hsematin 

149 

tt 

4- . 

+ lOOy thiamin 

161 

tt 

5 - 

+ 200y nicotinic acid 

169 

tt 

6- 

+ 0*2 c.c. flavin 

126 

i 

» 


. HI- The effect of the groivth stimulants on individual oxidations . — The stimula- 
tion of growth and the stimulation of the 0 2 -uptake of cultures by the four 
compounds, hsematin, cozymase, thiamin, and nicotinic acid, may be regarded as 
two different aspects of one and the same metabolic phenomenon. It is of much 
interest to know which of the oxidations of substrates that the bacillus is capable 
of carrying out are specifically influenced by these compounds. Out of the large 
number of oxidations that have been previously studied only a few of the more 
actne ones have been selected for experimenting. Table IV presents the results 
o a manometric experiment on the effect of hsematin on these oxidations. The 

Jj Mr 0 
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results show that hsematin stimulates the Oruptake of the bacillus in the absence 
of substrates' (the uptake in blanks). It has little effect on the oxidation of glucose, 
hexosediphosphate, lactate, alanine, and phenylalanine. It inhibits the oxidation 
of pyruvate and proline. 

Similar experiments on the effect of cozymase on the oxidation of glucose, 
hexosediphosphate, pyruvate, and alanine, are given in Table Y. The results 
show that cozymase stimulates the blank Oo-uptake as well as the oxidation of 
glucose and alanine. It is inhibitory on the oxidation of pyruvate. Cozymase 
does not stimulate the break-down of hexosediphosphate suggesting that this 
substrate may not be an intermediate in the oxidation of glucose. 

Table IV. 


The effect of hcematin on some oxidations catalysed by the bacillus. 
(200y hcematin per vessel.) 



Oxygen uptake. 

1. Control (no substrate) . , . . - 

57 cu.mm, in 60 minutes. 

2. Control 4- heematin . . . . 

74 

3. Glucose 

405 „ 

4. Glucose 4 haematin 

403 

5. Hexosediphosphate 

144 

6. Hexosediphosphate 4 hfematin 

140 

7. Pyruvate 

235 

8. Pyruvate 4 hrematin . . 

209 

9, Lactate 

314 

10. Lactate 4 hsematin 

317 

11. Alanine 

* 

84 

12. Alanine 4 hsematin . . 

82 ,, 

13. Proline 

102 

14. Proline 4 hcematin 

| 60 

15. Phenylalanine . . 

68 

16. Phcnj lalanine 4 hsematin .. 

66 
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Table Y. 

The effect of cozymase on some oxidations catalysed by the bacillus. 
(100y crude cozymase per vessel.) 

] Oxygen uptake. 


1. Control .. .. ..33 cu.mm, in 60 minutes. 

2. Control + cozymase . . 59 „ 

3. Glucose . . . . . . 236 ,, 

4. Glucose + cozymase . , ..271 „ 

5. Hexosediphosphate . . 175 „ 

C. Hexosedipkosphate + cozymase 165 „ 

7. Pyruvate . . , . . . 181 „ 

8. Pyruvate + cozymase . . 74 », 

9. Alanino . . . . 120 „ 

10. Alanine + cozymase . . . . 130 «, 


Experiments on the effect of thiamin are reported in Table VI. Thiamin 
has considerable stimulatory effect on the oxidation of glucose ; but it is inhibitory 
on the blank 0 .--uptake. It has a marked inhibition on pyruvate oxidation. The 
latter observation is in contradiction to recent work on the catalytic role of this 
compound and its phosphoric ester in this reaction. A possibility which can be 
tested in future experiments is that, as shown by Barron and Lyman (loc. cit.), 
the plague bacillus may like Gonococci and Streptococci be unable to phosphorylate 
thiamin which Staphylococcus can do. Pyruvic acid is generally considered to 
be an intermediary product in glucose break-down. Since thiamin does not 
stimulate pyruvate oxidation in this organism but stimulates glucose oxidation 
it has evidently in the latter reaction a new catalytic role which remains to 
he elucidated. 

In Table VII are presented the results of parallel experiments on the effect 
of nicotinic acid on the oxidations. Kicotinie acid is stimulatory on the oxidation 
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of glucose only ; it is inhibitory on the oxidation of pyruvate, lactate, and alanine, 
and on the blank Oo-uptake of the bacteria. Since the importance of nicotinic 
acid is assumed to be connected ■with the synthesis of the phosphopyridine 
nucleotides, a comparison between the effect of this compound and cozymase 
on the oxidations is interesting. Both stimulate glucose oxidation ; but while 
cozymase stimulates both alanine oxidation and the blank 02 -uptake, nicotinic 
acid does not stimulate either. Therefore, nicotinic acid probably does not give 
rise to cozvmase in the cell. Whether triphosphopyridine nucleotide is produced 
can only be decided when the effect of the latter compound is tested. The above 
is the first instance in which nicotinic acid has been shown to activate a bacterial 
oxidation. It is possible that it has a similar effect on the metabolism of those 
bacteria for which it is known to be a growth factor. 

Table VI. 


The effect of thiamin on some oxidations catalysed by the bacillus. 


(100}' thiamin per vessel.) 


Oxygen uptake. 

Experiment 1, — 


l. Control 

82 cu.mm* in 150 minute#. 

2. Control + thiamin 

63 

3, Glucose 

376 

4. Glucose + thiamin . , , , 

716 

5. Hexosediphosphate 

276 

6. Hexosediphosphate -+* thiamin 

266 

Experiment 2 * — 


7. Control , . 

52 cu.mm. in 120 minutes. 

8. Control 4* thiamin 

25 „ 

9. Pyruvate 

394 

10. Pyruvate -f thiamin 

289 
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- ' ‘ Table TO. 

The effect of nicotinic acid on some oxidations catalysed by the bacillus. 
(200/ nicotinic acid per vessel.) 



Oxygen uptake. 

1. - Control 

27 cu.mm, in 60 minutes. 

2. Control -f nicotinic acid 

19 

3. Glucose 

188 

4. Glucose + nicotinic acid 

224 

5. Hexosediphospliate 

82 

6. Hexosediphospliate + nicotinic acid 

80 

7. Pyruvate 

129 

1 

8. Pyruvate + nicotinic acid 

110 

9. Lactate 

156 

10* Lactate -p nicotinic acid 

146 

11. Alanine 

77 

12. Alanine -p nicotinic acid 

55 


Discussion. 

The previous investigation of the nutritional requirements of the plague 
bacillus (Rao, 1939) has shown conclusively that growth factors of the complex 
type do not constitute compounds indispensable for the growth of the organism. 
The experiments described in the present paper on the other hand show that some 
of these compounds, in conformity to the general trend of recent work on the co- 
enzyme function of bacterial growth factors, stimulate the growth and the meta- 
bolism of the bacillus. Hsematin to a remarkable extent, and cozymase, thiamin 
and nicotinic acid to a lesser extent, stimulate the growth of the bacillus in a 
chemically-defined medium. These four compounds also stimulate the respiration 
of the organism in actively-growing cultures. Pinallv, the latter three catalytically 
accelerate one or two of the individual oxidations of substrates effected by washed 
suspensions of the bacillus. 

The fact that hsematin is the most active compound hitherto found that 
reduces the lag in the growth of the plague bacillus has several interesting implica- 
tions. Hoematin is an iron-porphyrin compound with a pyrrole structure. * The 
mdispensability of the amino-acid proline, with its pyrrole nucleus, for growth is 
apparently connected with the synthesis of hsematin or other porphyrin derivatives 
m the cell. Hamiatin is also the prosthetic group of haemoglobin. It is significant, ' 
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therefore, that blood provides the best medium for the growth of the organism, 
particularly for the development of single isolated cells into colonies on agar. 
Such isolated cells are unable to develop on the ordinary nutrient-agar media. 
The stimulated growth of the bacillus on blood finds much use in the laboratory. 
Gore (1929a, 6 ; see also Taylor, 1933) has devised routine methods based on the 
use of blood agar for the isolation of single-cell cultures and for the detection of 
contaminants in a pure culture of the organism. More recently, Sokhey (1939) 
has developed an exact technique of counts for the bacillus which is based on the 
counting of colonies on blood agar. An attempt to investigate the factors involved 
in the phenomenon was made by Schiitze and Hassanein (1929) who showed that 
growth from scattered cells on agar is obtainable by using blood, sodium 
sulphite ( see Drennan and Teague. 1917), by incubating in the absence of oxygen, 
or by adding a sterile filtrate from an old plague culture and from cultures of 
many other bacteria. They have put forward the theory, which has been supported 
by the work of Wright (1934), that the organism is sensitive to the presence of 
oxygen in the same manner as anaerobes. They have further suggested that the 
active factor present in sterile filtrates is the enzyme catalase since («) it is destroyed 
by heating to 70°C., ( b ) it is produced only by those bacteria which are known to 
be catalase producers, and (c) it can protect the bacteria against the most likely 
destructive factor in the presence of molecular oxygen which is hydrogen peroxide. 
From the present experiments it is clear that blood provides hmmatin itself, which 
has on the agar surface precisely the same effect on the growth of the bacillus as is 
observed in the synthetic medium. There is a close parallel between the ability 
of an isolated cell to grow into a colony on agar and that of the well-washed cells 
of the inoculum in the amino-acid medium overcoming the prolonged lag and 
multiplying. The necessity of hsematin for the aerobic growth and multiplica lion of 
the plague bacillus is suggestive of the similar r Je of the compounds in Hccmophilus. 
It may be noted that hsematin is the prosthetic group of catalase (Zeile and 
Hellstrom, 1930 ; Stern, 1936). The association of hsematin with catalase, per- 
oxidase, cytochrome, and other enzymatic systems connected with the reduction of 
molecular oxygen in cell respiration as in the nutrition of Hwmophilus , is also 
significant. Hypotheses such as these indicate the direction in which further 
progress can be made. The simplest way in which hfematin can stimulate res- 
piration is by combining with the nitrogenous compounds of the medium or of the 
cell to form hremochromogens which can act as auto-oxidizable hydrogen carriers 
(Anson and Mirsky, 1925). This may occur in the manometric experiments with 
cultures since the curves indicating the stimulation of Oo-uptake (not presented 
above) do not display an induction period which must precede if haunatin is 
to be assimilated and synthesized into more complex cellular constituents before 
it can act. 

The importance of thiamin, cozymase, and nicotinic acid, as respiratory co- 
enzvmes in the cells of the bacillus may be the basis of their activity as growth 
stimulants. Experiments with the suspensions indicate that thiamin has a catalytic 
function in the oxidation of glucose which is unconnected with the break-down of 
pyruvate as an intermediary product. The stimulation of the same oxidation by 
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nicotinic acid is also a new and noteworthy fact. Considering that all the four 
growth stimulants increase the 0.. uptake of the cultures it is remarkable that no 
more than two oxidations are stimulated. This may be taken as indicating the 
existence of many other reactions in active growth of which we have little 
knowlel^e and on which the specific effect of the compounds seems to be 
exercised. 

The general significance of growth and metabolic stimulants in the life of the 
organism can be pointed out. It is more than probable that ha?matin, thiamin, 
cozymase, and nicotinic acid, occur in the cells of the bacillus as co-enzymes. 
>Since the organism can grow in their absence it may be concluded that they are 
synthesized during growth. It may be suggested that the growth of the bacillus 
both in vitro and in the host is not conditioned by minimum indispensable require- 
ments only but is greatly influenced by growth stimulants which probably in the 
main control the rapidity of growth and the extent of multiplication. ■ The 
extraordinary invasiveness displayed by the bacillus finds a partial explanation 
in the fact that blood and hsematin provide conditions greatly stimulatory to 
multiplication. 


Summary. 

1. Experiments are described on the effect of hsematin, cozymase (diphos- 
phopyridine nucleotide), thiamin, nicotinic acid, alloxazine-adenine-dinucleotide. 
and /3-alanine, on the growth and metabolism of the plague bacillus. 

2. Hsematin is highly active in reducing the lag in the growth of the bacillus 
in a chemically-defined amino-acid medium. Cozymase, thiamin, and nicotinic 
acid, possess similar but less marked activity. Hsematin, thiamin, and nicotinic 
acid together, have the greatest effect recorded. 

3. Hsematin, cozymase, thiamin, and nicotinic acid, stimulate the respiration 
(oxygen uptake) of actively -growing cultures of the bacillus. 

4. In a study of the effect of the compounds on the oxidation of a few of the 
more important substrates by washed suspensions of the organism it has been 
shown that hsematin has no stimulatory effect on any of the oxidations studied, 
but increases the blank 02-uptake of the suspension. Cozymase stimulates the 
oxidation of glucose and alanine and the blank 02-uptake. Thiamin and nicotinic 
acid stimulate the oxidation of glucose only. 

o. It is suggested that the four growth stimulants may be essential components 
of the cell, being synthesized in the course of growth, and that their occurrence 
and ready availability in the environment will greatly facilitate the rapidity of 
growth and of invasion of the organism. 
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The virus of sandfly fever, first isolated by tbe technique of cultivation on the 
chorio-allantoic membrane of the chick embryo (Shortt et al., 1936) and later in 
tissue culture (Shortt et al., 1938), has been maintained by serial passages through 
72 and 66 generations, respectively. Various strains, derived from a variety of 
sources, have been maintained in the laboratory and have been used in the experi- 
ments described below. 

Pathogenicity op sandfly fever virus to laboratory animals. 

Shortt et al. (1934) have shown that the virus as present in the blood of human 
cases of sandfly fever will produce modified but definite attacks of fever when 
inoculated into Rhesus monkeys. Shortt el al. (1938) obtained inconclusive results, 
ns regards pathogenicity to mice, when the cultured virus was introduced by 
various routes. These observations were based on inoculations of virus where no 
special attempt to enhance the virulence of the strains had been made. In the 
present series of experiments it was hoped that serial passages of the strain at 
frequent intervals would increase its virulence for the animal under experimenta- 
tion. White mice were used. 


( 847 ) 
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Inlraperitoneal passages. — A mouse was inoculated intraperitoneally with 1 c.c. 
of a thirty-fifth passage flask culture. Three days later, about 1 c.c. of heart 
blood was taken into Tyrode solution and inoculated intraperitoneally into another 
mouse. The third day was chosen because we had pretiously ascertained that 
on this day virus was always present in the heart blood. In this manner seven 
serial passages were carried out in mice. The heart blood from the seventh serial 
passage mouse was inoculated intraperitoneally into six mice. Two of them were 
noted at the time to be somewhat sickly in appearance. These two mice died, 
one on the fourth and the other on the fifth day after inoculation, both without 
any characteristic symptoms. The remaining four mice remained healthy over 
an observation period of four weeks. 

Intracerebral passages. — A mouse was inoculated intraperitoneally with 1 c.c. 
of ti-isue-culture \irus. On the third day the mouse was killed and the brain 
pas .aged into a mouse intraeerebrally. Subsequently seven serial passages were 
ilia le. The mouse of the seventh passage experiment remained healthy for 
twelve days, although the presence of virus could still be demonstrated in the 
inoculum. 

Observations on monkeys (M. sinicus). — The behaviour of the virus in monkeys 
(M. sinicus) was next studied. They were inoculated with cultured virus (tissue- 
culture virus) m large doses. Controls were inoculated with the tissue-culture 
medium without virus. The temperatures of all the monkeys were recorded for 
a period of two months. 'None of the monkeys showed significant temperature 
reactions nor any other response to the inoculations of virus. Details of this 
experiment are given in Table I : — 


Table I. 

Showing details oj observations on monkeys inoculated with cultured 

sandfly jever virus. 


Number of 
monkev. 


Inoculum. 


Method of 

™ attempted Observation 
infection. P crjod - 


Results. 


Normal embryonic i 1 

I tissue suspension i | 

and 2 with fowl plasma A 4*5 Subcutaneous ! 2 months / Monkeys remained 

I ami normal human I . \ I apparently healthy# 
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Table I— concld. 


Number of 
monkey. 

Inoculum. 

Dose 
in c.c. 

Method of 
attempted 
infection. 

Observation 
period. j 

1 

Results. 

4 

1 

As in 3 plus a second 
inoculation of the 
22nd p a s s a g e 
tissue - culture 
virus 8 days after. 

5 

■ + 

5 

1 ^ 

Subcutane- 

ous 

i 

2 months j 

Monkey remained 
apparently health}’. 

5 


25th passage tissue- 
culture virus plus 
second inoculation 
of 2Cth passage 
tissue - o u 1 lure 
virus 12 da;ss 
after. 

5 

* + 

5 

1 

do. 

! 

1 

t 

1 

1 do. 

i 

i 

i 



5 

1 



6 

do. 

+ 

do. 

do. 

do. 



5 

I 





5 

| 



15 

do. 

+ 1 

j- do. 

do. 

do. 



5 

l 

] 





5 

• 



1G 

do. 

+ 

do. 

do. 

do. 



5 

j 



7. 8, 9, 10, 
11, 12, 13, 
and 14. 

i ] 2otli passage tissue- 
j culture virus. 

} • 

do. 

do. | 

Monkey 12 died on 
21st day, of enter- 
itis ; probably an 
in ter current infec- 
tion. 


Persistence op sandfly fever virus in the circulating blood of 

MONKEYS AFTER SUBCUTANEOUS INOCULATION. 

The criterion used for proving the presence of virus in the circulating blood 
was flie ability to grow it in culture on the chorio-allantoic membrane of chick 
embryos. 

The sera of monkeys 3, 5, 6. 7, 8. and 10, used in the previous experiment. 
" ere tested for the presence of virus at varying intervals after the last inoculation. 
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Virus was demonstrated up to a maximum of 19 days in one monkey and was 
present in the majority up to 11 days. The details of the experiment are 
set forth in Table II : — 


Table II. 

Persistence of sandfly fever virus in blood of monkeys 
after its subcutaneous inoculation. 

(5-0 c.c.) 


Number of 
monkey. 

Day of test 
after inocu- 
lation of 
virus. 

Results of inoculation 
on chorio-allantoic 
membrane.* 

1 

| 

8 

+ 4* + , + 4~ 

3 1 

56 

9 9 9 

5 

11 

[ + + + » +4" + 

! 

1 

6 1 

11 

+, +++, + 

7 i 1 

11 


7 i 

i 

19 


i 

l 

11 

i ? > 9 

8 j 



l 

19 

~~9 —9 — 

1 

11 

+ > + + — 9 — 

1° \ 



1 

1 

19 

i 

+ +> 9 9 


*Note . — + + + ) 

+ + 

± 


Degree of lesions produced in 
individual eggs. 


PRESENCE of neutralizing antibodies in the sera of monkeys 

INOCULATED WITH SANDFLY FEVER VIRUS. 

The technique adopted for demonstrating the presence of neutralizing anti- 
bodies was that described by Shortt el al. (1938) for the sera of convalescent human 
cases. It was found that antibodies could be*demonsrrated up to at least G9 days 
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and its persistence beyond this period is being investigated. The details of this 
experiment are given in Table III : — 


Table III. 


Presence of neutralizing antibodies in monlceys inoculated 
with 5-0 e.c. cultured sandfly fever 
virus suspension. 


Number of 
monkey-. 

Day of test 
after inocula- 
tion of virus. 

Results of test on chorio-allantoic 
membrane.* 



r 

Serum alone : — , — , — 

4 

27 ' 


Serum + virus : ±, — 

i 

i 



Virus alone : + + + 

i 



Serum alone : — , — 

5 

64 


Serum + virus : 



V 

Virus control : + + + >+>+>+> — 

6 i 

1 

69 j 

\ 

i; 

Serum + virus : ±, — 

Virus alone : + + + , — , — 

7 

69 

( 

[ 

s 

Serum + virus : ±, — , — , — 

Virus alone : + + + 

8 

47 { 

Serum + virus : 

Virus alone : + + ,+ + + , — > — 


*Note . — 


+ + + 
+ + 
+ 


Degree of lesions produced in 
individual eggs. 


Period during which virus circulates in the blood op cases op 

- . SANDFLY FEVER AND OP CONVALESCENTS. 

In tins series of experiments blood was collected from patients on different 
days of the disease and also from convalescents. The results are set forth in 
lable 1\ and these are commented npon^at tlie end of the table. 
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Table IV. 


Shott ing results of inoculation of eggs tvilh sera of sandfly fever cases taken 
at varying intervals after onset of the attacks of fever. 


Day after 
onset of 

Number of 
sera 

Number of sera 
containing 

Number of egos inoculated 

WITH POSITIVE SERA SHOWING 

Maximum lesions 
obtained.* 

disease. 

tested. 

virus. 

Lesions. 

No lesions. 

1 

1 

, « 


- 



2 

13 

4 

8 

is 


3 

9 

4 

7 

9 

+++ 

+++ 

4 

8 

4 

8 

7 

5 

i 

2 

2 

1 (4 putrid) 

+++ 

0 

7 

4 

' 8 

9 (2 putrid) 

— 1 — H 

7 

2 

2 

o 

5 

+ (focal lesions). 

8 

1 

. , 


4 # 

— 

21-30 

S 

4 

7 

12 

+ + 

31-40 

6 

2 

5 

8 

+ + 

41-50 

3 

1 

1 

3 

Focal lesions. 

51-60 

4 


. , 


— 

61-70 

G 

*i 

1 

2 

+ 

71 -SO 

2 

i 

1 

1 I 

± 

81-90 

1 

i 

3 

2 


91-100 

4 

* 



— (3 putrid). 

101-liO 

, , 




— 

ill-120 

4 




— 

121-130 





— 

131-140 

1 




— 

141-150 

1 






151-160 

3 

i 

'i 

*2 

± 

161-170 

1 





• • 

— 


*Note.— 


+ + + 
+ + 
+ 
± 


— Degree of lesions produced in individual eggs. 


All the sera tested, with the exception of nine, were dried and preserved. The 
results show that there is circulating virus in the blood in an appreciable number 
of cases up to three or four weeks after the first onset of fever. If a +-f lesion be 
taken as positive evidence of the presence of virus it is seen that circulating virus 
may be present up to 40 days after the onset of fever. The positive results for the 
61 to 70, 81 to 90, and 131 to 160, groups must be accepted with reserve owing to the 
doubtful significance of the smaller and less distinct lesions. The fact that -j — j — f- 
lesions are only shown by the sera stored a short time appears to be evidence that 
aging of the sera is accompanied by a diminution of virus content. This, however, 
is not the entire explanation because all the nine sera which were not dried come 
among the earlier sera and it is also probable that the drying of the sera as well 
as their transportation across India may have reduced their potency as regards 
power of producing lesions. 



H. E. Shortt. C. G. Pandit, W. M. E. Anderson and R. Sanjiva Rao. 853 


It might be interesting here to note that there is evidence to suggest that the 
virus occasionally is present in the cerebro-spinal fluid also. Out of the four 
specimens of cerebro-spinal fluid tested by membrane culture technique, one 
produced passageable lesions on membranes. The cerebro-spinal fluid was taken, 
in this case, on the second day of the disease when the virus was also found to be 
present in blood. The identity of the virus was not, however, finally determined by 
cross neutralization tests and this finding will have to be confirmed by later work. 

Attempt at prophylactic vaccination op human volunteers with 

SANDFLY FEVER VIRUS VACCINE. 

Comvosition oj vaccine . — The technique of cultivating the virus in flask cultures 
has been described by Shortt el al. (1938) and it was from such cultures that the 
vaccine was prepared. A sufficiency of flask cultures being prepared, the contents 
were pooled, tested for bacteriological sterility and for virus content by culture 
by the chorio-allantoic membrane technique. The virus used was in its thirty-third 
passage in flask culture. The pooled material was stored in ampoules of 1-c.c. and 
2-c.c."capacity and despatched in dry ice for trial on human volunteers in a non- 
endemic area. Needless to say, the vaccine was first tested on experimental 
animals and found to be innocuous. 

Vaccine experiments . — In the conduct of these we are greatly indebted to 
Dr. R. 0. A. Smith, i.m.d., of the Medical Research Department, for assistance 
in obtaining suitable volunteers and in the carrying out of the vaccination 
procedure. 

Sixteen human volunteers from a non-endemic area were chosen for the 
experiments and divided into two groups of eight each. The members of one group 
were each given the vaccine subcutaneously in two doses of 1 c.c. and R75 c.c., 
respectively. Six of this group were given the second dose after a week’s interval 
and two after 10 days’ interval. The members of the second or control group were 
each given similar doses of normal saline solution at the same lime as the vaccine 
was administered to the members of the first group. Volunteer No. (3 in the 
control group had had experimentally-induced sandfly fever four years previously 
by inoculation of infective serum. 

Reactions jolloicing inocidations . — After the first dose of vaccine no reactions, 
either local or general, were noticed. Alter the second dose all complained of pain 
and tenderness at the site of inoculation on the day succeeding the inoculation. 
This local reaction disappeared in three to four days. No rise of temperature or 
other constitutional reactions were noted. 

In the control group no reactions of any kind were noted. 

Isolation of sandfly fever virus from vaccinated volunteers 

AFTER THF FIRST DOSE OF VACCINE. 

As animal experiments had shown that the virus circulates in the blood for 
some days after subcutaneous inoculation it was natural to suppose that a s imi lar 
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finding would be obtained in the case of human subjects. The blood of the 
vaccinated cases was taken on the fifth day after the first dose of vaccine and the 
serum tested for presence of virus as already described in the case of experimental 
animals. Volunteer No. 6, although in the control group, was also tested as he 
had had sandfly fever four years previously. The results of the tests showed that 
out of the eight vaccinated volunteers five gave definite evidence of the presence 
of circulating virus while in three the results were inconclusive, chiefly owing to 
the fact that the eggs used became putrid, an ever-present difficulty in using this 
technique in the hot season in a humid tropical climate. Control volunteer No. 6, 
as was expected, showed an absence of virus. 

This experiment showed that the vaccine used must, at least, have contained 
live virus when the volunteers were vaccinated. The details are given in Table V : — 


Table V. 


Isolation of sandfly fever virus from blood of volunteers inoculated with 
sandfly fever vaccine 1*0 c.c. (No. F. C. 33) on 17-6-1938 ; 
blood taken 5 days after, i.e., on 22-6-1938. 


Number. 

Name. 

Results in eggs,* 

Remarks. 

1 

Tulsi 

— t ±> + + + 


2 

Surtea 

p, p, ++ 

.... 

5 

Sadhu Bam . . 

++,p, +, + 

.... 

6 

Passa 

f! 

Not inoculated- with 
vaccine, but was 
exp eri mentally 
given S.F. in 1934. 

7 

Asa 

■— > db> P> P 

.... 

9 

Cantoo 

P, P.P 

Result inconclusive. 

12 

Beig Lai 

+ ++> + + . + + + » i 

.... 

13 

Devi Bam 

P> P, - 

Result inconclusive. 

lu 

Sit a Ram 

+ , P, + 

— 


*Notc. b + +- 

+ + 
+ 
± 


— Degree of lesions produced in individual eggs. 


A 


P. = Putrid. 
S.F. = Sandfly. 
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The presence of neutralizing antibodies in sera of the vaccinated 

GROUP OF VOLUNTEERS AFTER ADMINISTRATION OF SANDFLY 
FEVER VACCINE IN TWO DOSES. 

The sera of seven out of the group of 8 of the vaccinated volunteers were tested 
for the presence of neutralizing antibodies thirty-five days after administration 
of the second dose of vaccine. The technique used in the animal experiments was 
followed. The details are given in Table VI : — 


Table VI. 


Presence oj neutralizing antibodies in sera oj vaccinated 
volunteers, 35 days ajter the second dose of the 
sandfly fever vaccine. 


Serum number. 

Results.* 


Serum alone : — , — 

1 

Serum + virus : +, ±, — , — 

Virus alone : + + >+> — 

r 

Serum alone : P, P 

If 

Serum virus : 


Virus alone: + + , + , — 

/ 

Serum alone : P, +±, P, ± 

These lesions were due to contamination. 

" ' 1 

Serum + virus : — — , — 

Virus alone : ++, -j-, i focal lesions. 

IX . . j 

Serum alone : — . I*, P, P 

I 

Serum -f- virus : — , I\ 1\ 1* 

[ 

Serum alone: — , *— 

,, ..{ 

Serum + virus : — . -- 

Virus alone : P, P, P 


* Xott:. 1- -L - 

+ I. = Degree of lesions produced in 
i J individual eggs. 

1’ = Putrid. 


J. MR 


3 
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Table VI — concld. 


Serum number, j 

1 

Results.* 


i 

r i 

: I 

Serum alone : 

XIII 


Serum + virus: +, ++> — 


^ i 

Virus alone ; -f- + + 

j 


Serum alone : — , — , — * 

i 

XV 

i 

Serum + virus: + + , + + 


Virus alone : + + , + 


*i\ r 0te. — *4 — 1 — t* 1 

+ 4- I = Degree of lesions produced in 
+ j individual eggs. 

It will be seen from the above table that there is some evidence of the presence 
of neutralizing antibodies in five of the sera, while antibodies are completely absent 
in sera numbers XIII and XV. 

By comparing these results with those given in Table V it will be seen that 
sera which had originally shown the presence of circulating virus now showed the 
presence, in some degree, of neutralizing antibodies. 

Of the two sera which failed to show the presence of antibodies, viz., XIII and 
XV, the former had previously shown an absence of circulating virus and the latter 
had contained them to a small degree only. 


Attempts to transmit sandfly fever to vaccinated and control 

VOLUNTEERS BY INOCULATION OF INFECTIVE SERUM FROM 
CASES OF SANDFLY FEVER. 

As stated previously, the sixteen volunteers were divided into two groups of 
eight each. , These may hereafter be called ‘ vaccinated 5 and ‘ control ’ groups. 
When the test dose of infective serum was given, two volunteers out of the vaccinated 
and one out of the control group were not available for experiment. The remaining 
thirteen individuals were divided into four groups as follows : — 

Group I. — Two vaccinated and one control volunteer. 

Group II.— Two vaccinated and two control volunteers. 

Group III. — One vaccinated and one control volunteer. 

Group IV.— One vaccinated and three control volunteers. 

All these individuals were kept under observation for a period of five days, 
pulse and temperature records being maintained. They were then given the 
infective dose of sandfly fever serum — 1 c.c. per volunteer — subcutaneously, forty- 
two days after the second vaccination. 
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The infective serum used was not the same for each group. Twelve sera, 
proved to contain virus, were divided into four pools, each of which contained 
three sera and in each pool the three sera were mixed in equal volumes. Table VII 
gives details of the four pooled sera : — 


Table VII. 

Showing results of inoculation of eggs with the sera used in the tests 

on volunteers. 


Pool 

number. 

Serum 

number. 

Date of 
collection. 



46/1 

27-7-193S 

I 


44/1 

27-7-1938 


i 

40/1 

22-7-1 93 S 


r 

45/1 

27-7-1938 

II 


35/1 

6-7-193S 


V 

31/1 

1-6-1938 



43/1 | 

26-7-1938 

III 


42/1 

26-7-1938 



39/1 

15-7-1938 


' 

41/1 

22-7-1938 

IV 


36/1 

1 1-7-1 93S 


k 

30/1 

1-6-1938 


Results of test inoculation on 
ckorio-allantoic membrane 
at the time of collection.* 


+ 

+ + ,+ + 
+ + 

Not tested. 

+ + > + 

+ 

+ 

+ + 

+ + 

Not tested. 


Results of test inoculation on 
chorio- allantoic membrane of 
pooled sera at King Institute 
on receipt by post several 
days later.* 


+ + > +> - 


This pool was not tested at 
the King Institute, Guindy, 
as the ampoule was found 
to be contaminated. 


Inconclusive. 


+ + , + + , + + , +, + 


+ >+, ± 
±, - 


*Notc . — ++ 'j 

^ l = Degree of lesions produced in individual eggs. 

Volunteer group I received pooled serum I, volunteer group II pooled serum II 
and so on. The volunteers in each group were kept under observation for a period 
of fourteen days after inoculation. 

The details and results of inoculation are given in Table VIII : — 




Showing results of vaccination of volunteers — General summary. 
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Sandfly Fever Virus. 


Discussion. 

It must be admitted that the results of these preliminary attempts to produce 
a prophylactic vaccine against sandfly fever have been inconclusive. In the first 
place, the number of volunteers was too small. Out of eight originally selected 
for vaccination only six were available for the complete experiment. Of these, 
four showed the presence of circulating virus in the blood after the first dose of 
vaccine, while three of the four showed also the presence of neutralizing antibodies 
after the second dose of vaccine. Of these three, two escaped the infection 
altogether, while one showed a modified attack. 

Of the remaining three, which either showed no virus after the first dose of 
vaccine or no neutralizing antibodies after the second, one had a typical attack of 
sandfly fever, one a modified attack and one escaped infection. 

One might be tempted to assume some correlation between the presence of 
virus and circulating antibodies and the production of a degree of immunity but 
the numbers in the present experiment are totally inadequate to justify the drawing 
uf any conclusions. Out of seven control volunteers who completed the experiment, 
two had typical attacks of sandfty fever and five escaped infection. The attacks 
were quite typical as compared with the modified attacks in the vaccinated group. 
The one typical attack in the latter might be accounted for by the absence of 
circulating virus and antibody. 

If the results are analysed by groups, it is evident that the results in 
group I are inconclusive owing to the failure of the control to contract a typical 
infection. 

In groups II and 111 there is some evidence of at least partial protection being 
conferred by the vaccine. In group IV the results are again inconclusive owing 
to the failure of the controls to contract infection. 

We do not consider the comparative failure of the vaccine to give adequate 
protection as necessarily discouraging and believe that this purely preliminary work 
should be followed up and developed as further experience indicates. It is probable 
that the degree of protection conferred by virus vaccines, even live vaccines, 
may be. to some extent, dependent on dosage and it must be pointed out that the 
dosage used in the case of the human volunteers was very small, actually as well as 
relatively, when compared with the dosage of virus given bv us to experimental 
animals. It is possible, therefore, that one method of increasing the efficacy of the 
vaccine would be to increase dosage. Another factor which has a bearing on the 
results is the degree of infectivity of the infective serum used to produce infection 
in the volunteers. 

In previous experiments it was found (Short! el al, 1934, 1935) that out of 
twenty bloods from sandfly fever cases only eleven produced infection in volunteers. 
This indicates that there ma)' have been considerable dilution of the infective 
virus in the serum pools used for infecting the volunteers and, from previous 
experience, it seems that a larger dose of infective serum may have to be used. 

Both the factors dealt with above will have to be taken into consideration in 
repeating these experiments. 
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Summary. 

1. The virus of sandfly fever is in its 71st serial passage in eggs and its 62nd 
passage in flask cultures. 

2. The cultured virus of sandfly fever was found to be non-pathogeuic to 
mice and monkeys. 

3. The virus ! could be recovered from the circulating blood of monkeys up 
to a maximum of 19 days. 

4. In the sera of inoculated monkeys neutralizing antibodies could be 
-demonstrated up to at least 69 days. 

5. In cases of sandfly fever in human beings the virus was demonstrable in 
the circulating blood for seven days in most cases and up to 40 days or over in 
certain cases. 

6. Sandfly fever vaccine containing live virus produced no marked general 
or local reactions in human volunteers. 

7. The virus could be demonstrated in the circulating blood of vaccinated 
persons on the 5th daj r and neutralizing antibodies could be demonstrated up to 
35 days after vaccination. 

8. The results of vaccination in producing an effective immunity against 
infection with sandfly fever were inconclusive. 

9. Certain factors to be considered in evaluating the results obtained are 
discussed. 
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VITAMIN-D CONTENT OF THE LIVEN AND BODY OILS 

OF BENGAL FISH. 

BY 

K. P. BASU, 

AND 

J. C. SEN GUPTA. 

( Inquiry under the Indian Research Fund Association.) 

{From the Biochemical Laboratory, Dacca University.) 

[Received for publication, October 23, 1939.] 

Although the vitamin-A content of the body and liver oils of some varieties 
of fish in Bengal and other parts of India has been determined, no assay of their 
vitamin-D values appears to have been undertaken. This communication deals 
with the estimation of the vitamin-D content of the body and liver oils of some 
varieties of Bengal fish. Rachitic rats and' chickens were used as experimental 
animals and the degree of healing was determined from the percentage of ash in 
the femur. 

Halvorson and Palmer (1932) used chickens for the determination of vitamin D 
by the ash-content method, because of the fact that the vitamin-D requirement 
of the chick is high and correspondingly the results were trustworthy. The response 
of chickens in comparison with the response of rats to a given anti-rachitic agent, 
is the principal means of investigating the multiple nature of vitamin D (reviewed 
by Bills, 1935). Bills, Massengale and Imboden (1931) observed that the liver 
oil of one of the tuna species was less anti-rachitic than cod-liver oil, rat unit for 
rat unit, in chickens. The liver oils of twenty-five species of fish were assayed 
for vitamin D by Bills, Massengale and Hall (1937) in comparison with cod-liver 
oil on rats and chickens by the ash-content method. The maximum observed 
difference in relative effectiveness was about eighteen times. 


Experimental. 

Preparation of the oil. 

Both the liver and body oils of fishes were extracted by the same process as 
“wed in the determination of vitamin A (Basu, Rai Sircar and Sen Gupta, 

lull)]. 
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Technique. 

A. Using rats as experimental animals . — Young albino rats about a month 
old (25 to 30 days) and weighing between 25 g. and 35 g. were obtained from 
a healthy and vigorous colony. The stock-breeding diet was kept as nearly 
uniform as possible throughout the year and was low in vitamin D. 

The young rats were placed on a vitamin-D-free basal diet having the following 
composition : — 




Per cent 

Ground yellow maize 


76 

Wheat gluten 


20 

Sodium chloride 


1 

Calcium carbonate . . 

Total 

3 

.. 100 


The ratio of Ca : P was about 4:1. The animals given this diet were placed 
in cages shielded against sunlight with a black screen. The diet was given mixed 
with a little water to form a paste. 

After four to five weeks on this diet, young rats showed signs of rickets which 
were detected by swollen wrists and other indications. 

After the preparatory period, each of the animals was placed in a separate 
cage with a raised screen to prevent access to the excreta and shielded against light 
with a black screen as before. One rat of each litter was left on the basal diet only 
without any anti-rachitic supplements, thus serving as a negative control, while 
positive controls received a daily dose of a standard source of vitamin D, e.g., 0'2 
units of international standard from a solution of an irradiated ergosterol 
preparation (League of Nations’ standard). The other test animals were fed the 
basal diet pins a daily graded dose of the oils to be assayed, which was preferably 
fed as a supplement. The diluent used was olive oil and the oils were adminis- 
tered orally before the daily meal. Rats which lost weight or which failed to 
consume sufficient food were discarded. 

The length of the test period necessary has been discussed by various workers. 
In the present investigation the test period lasted from 9 to 14 days and was 
counted from the first day of dosing. The aim of the experiment was to find a 
dose of the test substance which, given daily for the test period to young rats 
on the above rachitogenic diet, would cause the production of bones having the 
same percentage of ash as those produced when some selected daily dose of 
international standard was administered. 

After the end of the test period the animals were killed by coal gas, the bones 
of both hind legs were carefully dissected free from all flesh (the patella being also 
removed), washed in boiling v’ater for a minute and then dried at 100°C. for 24 
hours. The dried bones, wrapped in silk, were extracted first with boiling alcohol 
for about 16 hours, and then with ether in a Soxhlet apparatus for 24 hours. After 
extraction the bones were placed in a weighing bottle, dried to constant w r eight, 
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and removed to a weighed platinum crucible to be asbed. The ash was heated to 
constant weight (Chick, Korenchevsky and Eoscoe, 1926). 

B. TJsinq chickens as experimental animals . — A colony of fowls was main- 
tained on a normal ration containing, at all seasons, about 200 international units 
of cod-liver oil vitamin D per 100 g. of feed. Eggs from these hens were selected 
for hatching. All eggs with an imperfect shell or an abnormal shape and all which 
weighed less than 55 g. the day they were laid, were discarded. No food was given 
to the chickens before the third day of life. From the third until the seventeenth 
day of life all chickens were fed on the following rickets-producing diet M and 
given tap-water to drink : — 

Diet M. 


Parts. 

Ground yellow maize . . . . . . 56 

Wheat bran . . • . . . 10 

Linseed oil meal . . • • . . 10 

Wheat gluten . . • . . . 10 

Skimmed milk powder . . • . 9 

Calcium carbonate . . . . • • 2 

Sodium chloride . . . . * • 1 

Vegetable oil . . • • . . 2 


Ca : P = 2 : 1 


After two weeks on the diet, diseased chicks, weaklings, and runts, either 
died or were thrown out. The remaining strong chicks almost without exception 
survived the subsequent test periods. 

The best length of the test periods has been discussed by several workers. 
According to Massengale, Charles and Bills a period of four weeks is the most 
suitable. In the present investigation the test period lasted for two to three weeks 
and was counted from the first day of dosing. 

At the end of the fore-period on the seventeenth day of life, the chicks were 
transferred to assay cages. Five to ten chicks were placed in each cage. In such 
close quarters the birds were restricted as to exercise which might or might not 
be a factor of importance. The cages were shielded against sunlight with a black 
screen. Chickens constituting the standard test group were given diet M plus the 
supplement of vitamin D in doses of 0*4 international units daily, thus serving as 
a positive control. Some animals were kept on the diet M only during the test 
period, thus serving as a negative control. The best and most accurate results 
are obtained by a comparison of the response of the group of animals obtaining 
a given dose of oil with the response of another group obtaining a dose of some 
standard of reference, the two tests being carried out simultaneously. The remain- 
ing animals were then given in addition to the basal diet graded doses of oil daily 
as supplement. The diluent used was olive oil and the supplement was adminis- 
tered orally before the daily meal. 

At the end of the test period the chickens were killed. One femur from each 
bird was immediately dissected out. and placed in boiling water for one minute. It 
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was then scraped free of adherent tissue, care being taken to avoid removal of the 
still cartilaginous epiphyses (Bethke and Record, 1934). The bones were then 
broken and extracted in a Soxhlet apparatus for 12 hours with alcohol and 12 hours 
with ether. The extracted bones were dried to constant weight at 100°C., weighed, 
then ashed to constant weight in an electric muffle furnace at 700 ± 20°. 

Results. 

A. With rats . — Table I gives the average ash content of bones of rats given 
various doses of oils, and Table II shows the vitamin-D values of the 
different oils. 

B. With chickens . — In Table III will be found the average ash content of 
bones of chickens given various doses of oils, and Table IV shows the vitamin 
contents of the different oils. 

Table I. 


The average ash content oj the jemoral hones of rats given various doses 

oj oils. 


Name of the supplement. 

Zoological name 
of the fish. 

Number 
of rats 
used. 

Dose in 
mg. 

Days under 
experiment. 

Average 
percentage 
of ash. 

Nil 

•• 

6 

*• 

9 

53*8 

Standard vitamin-D solution 

.. 

6 

0-2 unit 

9 

55*3 

Kuhee-liver oil 

Labeo rohita 

5 

10 

9 

57*56 

Ratal-liver oil . . 

Catla catla 

7 

10 

9 

54T2 

ilrigel-livcr oil . » 

Cirrhina mrigala 

6 

10 

9 

54*49 

K6i-body oil .. .. 

! 

Anabus tesludinns 

5 

20 

9 

52*00 

xu .. | 

*• 

6 


9 

53*88 

Standard vitamin-D solution 

•• 

7 

0*2 unit 

9 

55*00 

Xaindal-liver oil 

•• 

5 

50 

9 

52*91 

IliNa-body oil . , 

Chi pea iUsa 

7 

50 

9 

00*36 

Air-liver oil 

Arius arms 

7 

50 

9 

56*32 
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Table II. 

The vitamin-D values of different oils measured by rat experiments. 


Name of the oil. 

Zoological name 
of the fish. 

[ Units of 
vitamin D 
per g. 

Weight of oil 
(g.) containing 
one unit. 

Ruhee-liver oil 

Labeo rohita 

51*83 

0*0192 

Hilsa-body oil 

Clupea ilisa 

23*14 

0*0432 

Mrigel-liver oil 

Cirrhina 'tnriqala 

8*59 

0*1164 

Air-liver oil 

Arms arius 

7*57 

0*1321 

Katal-liver oil 

Catla catla 

3*38 

0*2958 

Naindal-liver oil 

*• 

Nil 

*• 

Koi-body oil . . 

Andbus testudimis 

Nil 

•• 


Table III. 

The average ash content oj the femoral bones of chickens given various doses 

of oils. 


Name of the supplement. 1 

Zoological name 
of the fish. 

Number 
of chicks 
used. 

Dose in 
mg. 

Days under 
experiment. 

Average 

ash 

percentage. 

Nil 

, . 

7 

. . 

22 

36-37 

Ruhee-liver oil 

Labeo rohita 

7 

20 

22 

65*75 

Standard vitamin-D solution 

! 

7 

! 0*4 unit 

i 

22 

42-70 

Katal-liver oil 

Catla catla 

7 

20 

22 

36-53 

Air-liver oil 

Arius artus 

6 

20 

22 . ' 

36-97 

Sarputi-liver oil .. 

Barbus sarana 

7 

20 

22 

36-00 

Magur-body oil 

. - 

6 

50 

22 

39-65 

Nil 

. • 

6 

. . 

14 

35-13 

Standard vitamin-D solution 

. • 

7 

0*4 unit 

14 

40-51 

Xaindal -liver oil 

. . 

7 

50 

14 

36-53 

Uilsa-body oil 

Clupca ilisa 

6 

50 

14 

35-81 

Chital-bodv oil 

Notoptcrus chitala 

7 

50 

14 

48-95 
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Table IV. 


The vitamin-D values cj different oils measured by experiments 

ivith chicks. 


Name of the oil. 

Zoological name 
of the fish. ; 

Units of 
vitamin D 
per g. of the 
oil. ; 

Weight of the 
oil (g.) contain- 
ing one unit. 

Ruhee-liver oil . . 

Labeo rohita 

92*82 

0*0107 

I 

Chital-body oil . . 

i 

Notopterns chitala 

20-55 

0*0486 

Magur-body oil 


4*14 

0*24 lo 

Naindal-liver oil 

•• 

1*98 

0*5181 

Air-liver oil . , 

Aritts aria a 

1*89 

0*5291 

Hilsa-liver oil . , 

Via pea Him 

1 

1*01 

0*9900 

Katal-liver oil 

1 

Gatla catla 

0*52 

1*9280 

Sarputi-liver oil 

1 

Barbus sarana 

Nil 

*• 


Discussion. 

The relative effectiveness of the different oils is not identical in experiments 
with rats and chickens. This is in agreement with the observations of Bills el al. 
(1934. 1937) and indicates the multiple nature of vitamin D. Ruhee ( Labeo rohita ) 
liver oil appears to be the most potent source of vitamin D and is almost twice as 
effective in curing rickets in chickens as in rats. Hilsa-body oil, which is fairly 
potent in rats, shows very little anti-rachitic activity in chicken. It may be remem- 
bered that Ruhee-liver oil is a good source of vitamin A, containing 461 international 
units per g., while Hilsa-body oil is devoid of vitamin A (Basu and De, 1938). Nain- 
dal-liver oil which is a very good source of vitamin A (Basu, Rai Sircar and Sen 
Gupta, loc. cit.) shows very little anti-rachitic potency towards chicken and none 
towards rats. Although not a very good source of vitamin D, Air-liver oil is about 
four times more effective in rats. Ohital-body oil appears to be fairly potent in 
chickens. 

It would appear that compared with the anti-rachitic potency of the cod-liver 
oil which contains 150 to 200 rat units per c.c., the vitamin-D content of liver 
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oils of Bengal fisli is small. The most potent oil, the Ruhee-liver oil, is only about 
one-third as active as cod-liver oil. 
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NUTRITIONAL INVESTIGATIONS ON BENGAL FISH. 

BY 

K. C. SAHA, 


AND 

B. C. GUHA. 

(Inquiry under the Indian Research Fund Association.) 

(From the University College oj Science, Calcutta.) 

[Received for publication, December 31, 1939.] 

In a previous corumunication (Saha and Guha, 1939) we have given the 
analysis of 24 different varieties of Bengal fresh-water fish for water, body fat, 
as i, protein, calcium, phosphorus, total iron, and ionizable iron. The results 
o analyses of 13 more varieties of Bengal fish are given in the present commu- 
nication. As certain varieties of fish are not available throughout the year, it 
is necessary to carry on the investigation from season to season. 


Experimental. 

The methods employed in these investigations are the same as described in 
tne previous paper. The mean values given in Tables I and II are based on 
anayses on two or more days with four to seven samples of each variety 
».* . Bates of analyses are given in order to indicate the season. The 
oo ogical names of a few of these have not been obtained. 

Table I. 


Mean values of water, body fat, ash, and protein per 100 g. oj fish. 


Date of 
Election. 

Bengali name. 

Zoological name. 

i 

i 

Ranges 
of body- 
Tveights 
(g->. 

Water 

(g*)« 

i 

Body 

fat 

(g.). 

Protein 

(g-)- 

Ash 

(g*)* 

Average 

percentage 

accounted 

for. 

/ ri — 

5 ! 

1 Roliu 

| Source — Jhccl 

| Labco rohxta 

SG50— ICS 

i 

77*1 

1 

2*2 

1 

15*2 

1-3 

95*8 

( O'VO \ 
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Nutritional Investigations on Bengal Fish 


Table l—concld. 


Date of 
collection. 

Bengali namo. 

Zoological name. 

Ranges 
of body- 
weights 

(go- 

Water 

(g.). 

Body 

fat 

(6-)* 

' Protein 
(g-)- 

Ash 

(£•). 

Average 
; percentage 
accounted 
for. 

23-1-39 








| 

22-1-39 

- Bach a 

Chjnsoma garua 

178 — 75 

! 68*8 

5*6 

! 18*1 

1-4 

93*9 

2-2-39 









6-2-39 ! 

8-2-39 ' 

■ Bam 

- 

291—45 

74*8 

0*9 

10*1 

1*3 

93*1 

28-2-39 | 
1-3-39 i 

' 

• Bhole 

Sciacm coiior 

590 — 78 

! 78*1 

i 

1*1 

15-2 

: 1*9 

96*3 

3-3-39 ! 
6-3-39 ‘ 

’ I£ bargain 

•• 

o 

i 

o 

00 

75-3 

5*1 

16*3 

! 1*8 

j 

98-5 

17-1-39 j 









18-1-39 

- Dhain 

Si Ionia silundia 

9534—417 

72*0 

12*1 

14*0 

1*4 

99*1 

15-1-39 

/ 








16-1-39 

19-1-39 

21-1-39 

[ Katlii 

j Source — Jheel 

1 

| Catla catla 

[ 

i 9732—523 

! 

74*2 

1*9 

18-6 

1*6 

j 

90*3 

22-1-39 

j Sarputi 

Barbus sarana 

381 — 107 

70*2 

9*5 

j 

1 16*5 

1*53 

,97*7 

19-1-39 

14-2-39 

16-2-39 

J 

’ Pdbdfi 

* » 

100-35 

73*0 

2*1 

19*2 

1*14 

95*4 

23-1-39 









27-1-39 

Pangas 

Pangasius pangasius 

3650— G32 

72*3 

10*8 

14*2 

0*96 

98*3 

29-1-39 









18-2-39 

21-2-39 j 

‘ Boy nil 

** 

119—48 

76*0 

M | 

15*6 

1*20 

93 9 

10-2-39 ! 









12-2-39 

- Pakal 

. . 

45—20 

76*8 

1*2 

14*3 

1*08 

93*4 

3-2-39 

) 








2- 2-39 j 

3- 2-39 

i 

| Air 

Arius art us 

3020—1032 

78*1 

1*3 

15*9 

1*15 

9G*o 
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Table II. 

Mean values of calcium, phosphorus, total iron, and ionizable iron 

per 100 g. of fish. 


Bengali 

name. 

Zoological name. 

-Calcium 

(g-)- 

Phosphorus 

(g-)- 

Total iron 

(mg-)- 

Ionizable iron 

(mg.)- 

Rohu 

. . 

Lab co rohita 

0*62 

0*20 

1*08 

0*61 

Bach a 

•• 

Ghpisoma garua 

0*52 

o-is 

0*68 

0*43 

Bam 


•• 

0*33 

0-24 

0*S4 

0*37 

Bhole 

*• 

Sciacna coitor 

0-55 

0*58 

0*42 

0*20 

Kharsala 

•• 

•• 

0*41 

0*16 

0*64 

0*42 

Dh fun 

•• 

Silonia silundia 

0*36 

0*24 

1*04 

0*5S 

Katla 

•• 

Catla catla 

0*55 

0*26 

0*94 

0*49 

Sarputi 

•• 

Barbus sarana 

0*22 

0*12 

0*54 

0*32 

Pabda 

•• 

•• 

0*31 

0*21 

1*32 

0*43 

Pangas 

•• 

Pangasius pangasius 

0*18 

0*13 

' 0*52 

0*51 

Boy nit 

•* 


0*12 

0*08 

0*3G 

0*04 

Pitkal 

•* 

• • 

0*13 

0*11 

0*42 

0*10 

Air 

•• 

Arms arms 

0*38 

0*18 

0*60 

0*2G ’ 


Summary. 

Tables I and II give the mean values for water, body fat, total mineral matter, 
protein, calcium, phosphorus, total iron, and ionizable iron, in 13 different varieties 
of fish, obtained usually from analyses of four to seven samples of each kind. 
Among the fish analysed Dliain ( Silonia silundia) has the highest fat content, 
12’1 per cent, then come Pangas ( Pavgasius pangasius), 10-8 per cent, and Sarputi 
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(Barbus sarana ) 9'48 per cent. The protein content, 19-2 per cent, is highest in 
Pabda. The value of calcium, 0-62 per cent, is highest in Rohu ( Labeo rohita). 
The next best sources of calcium are Katla ( Catla catla ) and Bacha ( Chpisoma 
garua), which contain 0-55 per cent and 0 - 52 per cent of calcium, respectively. 
The phosphorus content, 0‘58 g., is highest in Bhole (Sciacna coitor). As regards 
ionizable iron, Rohu is the best source containing 0-61 mg. per cent. The 
question of iron in fish is discussed in the next paper (Saha and Guha, 1940). 
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The availability of iron in foodstuffs has been a subject of considerable dis- 
cussion. An earlier belief was that it was the organic iron (Bunge, 1885) which 
was nutritionally useful. ( But recent researches (Elvehjem et al., 1933 ; Lintzel, 
1931 ; Whipple and Robscheit-Robbins, 1927) have shown that a considerable 
proportion of the organic iron present in foodstuffs is in the form of hasmatin-like 
compounds and is not absorbed by the system. Of late the ionizable iron content 
of foodstuffs has been considered to be nutritionally available and this has been 
estimated by the a-a'-dipyridyl method of Hill (1930). This method involves the 
use of a suitable reducing agent which reduces the ferric iron to the ferrous state. 
This iron and the naturally occurring ferrous iron, which ionize in solution, react 
with Hill’s reagent, while the hsematin iron does not. The total ionizable iron 
is thus estimated. 

On a critical examination of the results obtained by the dipyridyl method, 
compared with those obtained by biological assay, it appears (McCance, 1939) that 
the iron not determined by a-a'-dipyridyl cannot be entirely accounted for as haemo- 
globin or hsematin, and the nature of the fraction not accounted for has not yet been 
ascertained. According to the work of Tompsett (1935) with human tissue, some 
of the iron appears to form complexes with phospho-proteins present in the tissue. 
He found that this complex is formed by the ferric and not by the ferrous iron and 
the complex is unstable in presence of sodium hydrosulphite which is used in Hill’s 
method for the reduction of ferric iron. If this is so, then Hill’s method would 
estimate the total ionizable iron including the iron of the iron-phospho-protein 
complex. We have found in our experiments that whether sodium hydrosulphite 
is added to a mixture of fish tissue and acetate buffer (of pH 5 - 5) or it is added 
to the extract of fish tissue, made with buffer, the value of iron obtained 
on subsequent treatment with Hill’s reagent is the same. 

( 877 ) 
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We considered it of interest to investigate the action of proteolytic enzymes 
(pepsin and trypsin) on fish tissue in order to throw light on the question. If an 
iron-protein complex is present in the tissue, which would not normally react with 
a-a'-dipyridyl, the iron might react after proteolysis and subsequent reduction 
by hydrosulphite. If this is the case, then the iron of the iron-protein complex, 
even if the complex is insoluble in water, would also be available for nutritional 
purposes and Hill’s method for estimating the available iron would need to be modi- 
fied by first carrying out a proteolysis of the animal tissue concerned followed by 
reduction with sodium hydrosulphite and treatment with dipyxidyl. . 

The method adopted was as follows : The edible portion of fish was separated 
from the bones and other non-edible portions. Ordinarily the fleshy portion with 
its small proportion of inseparable fatty tissue was taken. The large-sized piece 
thus obtained was first cut into thin slices, which were then thoroughly disintegrated 
in an ‘ Enterprise ’ hasher. The mass was then ground into a pulp in a glass mortar. 
Ten grammes of the sample were weighed, treated with 20 c.c. of distilled water, 
and heated for 5 minutes as in Hill’s method. In the case of pepsin digestion the 
pH of the solution was adjusted to 2-2 with hydrochloric acid, and in the case of 
trypsin digestion the pH was adjusted to 8 - 0 with OTN Na 2 CO ,3 solution and a 
few drops of toluene were also added in the latter case. Ten c.c. of 0'4 per cent 
solutions of Merk’s pepsin and trypsin were added in different flasks which were 
incubated at 37°C. for 4 hours. The pepsin and trypsin digests were subsequently 
brought to pH 5-5 with the addition of Na 2 COy and hydrochloric acid respectively, 
when 10 c.c. of acetate buffer (pH 5 - 5) and 0'5 g. of (iron-free) sodium hydrosulphite 
were added in each flask. After standing overnight the mixture was centrifuged, 
the clear liquid decanted off and in each flask 2 c.c. of a-a'-dipyridyl (0 - 2 per cent) 
were added. After 24 hours, the colour developed was matched against the 
standard. 

In order to compare the value of the iron obtained by this method with that 
obtained by the method of Hill, iron in the same sample was also determined 
by the simple a-a'-dipyridyl method described before (Saha and Guha, 1939). The 
results are given in Table I. In a few cases the zoological names of the fish were 
not obtainable. 


Table I. 

Available %ron {in mg. per 100 g.) in jresh raw fish, as estimated by 
the a-a’-dipyridyl method before and after enzymic hydrolysis. 


Bengali name. 

Zoological name. 

Weight of 
the llsh 
in g. 

After pepsin 

1 digestion. 

After trypsin 
digestion. 

Hill’s 

method. 



r 

163 

0\52 

0-50 

0-43 

ftlrigal 

Cirrhina mrigala j 

| 

279 | 

0*58 

0-55 



1 

l 

534 ; 

0*09 

0-66 

0*45 
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Table I — contd. 


Bengali name. 

Zoological name. 

Weight of 
the fish 
in g. 

After pepsin 
digestion. 

After trypsin 
digestion. 

Hill’s 

method. 



531 

0*72 

0*68 

0*58 

Hilsa 

Clvpea ilisa 

732 

0*83 

0*81 

0*62 



854 

0*82 

0*79 

0-57 


r 

412 

0*73 

0*63 

0-53 

Shole 

Ophcepkalus striatus - 

731 

0*80 

0*69 

0-52 



927 

0*85 

0*70 

0*56 


f 

25 

0*11 

0*08 

0*06 

B61e 

Glassgobius gums \ 

83 

0*16 

0*13 

0-03 


( 

206 

0*15 

0*12 

0-05 



16 

1*42 

0*82 

M0 

Shinglii 


19 

1*36 

0*69 

1*20 

Saccobranchns fossilis ■ 

32 

1*48 

0*91 

0-83 




56 

1*39 

0*8S 

0-9G 

Bhctka 


256 

0*62 

! 

0*52 

0-32 

Lates calcifer 

632 





0*58 

0*55 

0-40 


r 

25 

1*21 

0*73 

0-Go 

Kui 

Arcfl&as ieshtdineus 

36 

1*36 

0 68 

0-GG 


- 

48 

M2 

0*86 

0-73 

| 

Parsey 

Mvgil pars i a ) 

6 

0*73 

0*71 

| 

0-48 


\ 

17 

0*S1 

0*67 

0-51 


r 

5 

0*96 

0*76 

0-72 

Bagd.i chingri 

— 

9 

0*88 

j 0*81 

0-G7 



26 

M0 

0*82 

0-G3 
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Table I — conoid. 


Bengali name. 

Zoological name. 

Weight of 
the fish 
in g. 

After pepsin 
digestion. 

After trypsin 
digestion. 

Hill’s * 
method. 



233 

0-53 

0-48 

0*32 

Air 

Arms arms 

L 

616 

0-62 

0-52 

0*39 



3 

0*62 

0-48 

0*42 

Mow r ala 

Amblyvharpn qodon - * 






mola. 

6 

0*58 

0-G1 

0*40 



26 

0*66 

0-43 

0*41 

Kliars ala 

.... 

48 

0*62 

0-51 

0*37 


( 

1123 

0*71 

0*63 

0*52 

Pangas 

Pa7igasivs pangasius j 

1738 

0*76 

0-55 

0*56 


r 

432 

0*76 

0*63 

0*48 

Kail a 

CatJa catla 

678 

0*72 

! 0*56 

0*46 


, 

1132 

0*75 

i 

0*67 

0*53 



572 

0*59 

0*52 

0*41 

W 

c> 

Wallago altu 

i 

i 

811 

0*63 

0*61 

0*39 


i 

[ 

63 

1*30 

0*63 

0*69 

Magur 

Clarhis batrachus -j 

76 

1*10 

0*72 

0*73 


l 

198 

1*20 

0*76 

0*72 


r 

206 

0*83 

0*62 

0*52 ' 

R61iu . • 

Labeo rohita 

352 

0*76 

0*53 

0*58 


V 

873 

0*78 

0*66 

0*57 


The above results indicate that the iron values given by most samples of fish 
tissue are much greater when estimated after peptic or tryptic digestion. A few 
samples of Shinghi, Magur, and Rohu, however, give by Hill’s method values higher 
than those obtained after tryptic digestion, but in all cases without exception peptic 
digestion liberates the largest amount of iron. The reason why digestion by pepsin 
liberates more iron than tryptic digestion may be that the acid medium in peptic 






Available iron in 


E. C. Saha and B. G. Guha. 


881 


digestion helps in the liberation of iron (vide injra). As the fish tissue would undergo 
normal proteolytic break-down in the system, the above results show definitely 
that application of Hill’s method without previous enzymatic hydrolysis is likely 
to give low results for nutritionally available iron. 

* The rate of liberation of iron from the iron-protein complex of fish tissue. — In 
order to investigate further the question of the iron-protein complex in fish tissue, 
the rate of liberation of iron was also studied by varying the period of digestion by 
pepsin, as this enzyme gives the maximum iron values. The results obtained with 
four different varieties of fish are shown in the Graph : — 


Graph. 



The Graph indi|ates that the available iron value increases with the period 
0 ( "? e stion and within 2 to 3 hours the liberation of iron appears to be complete. 
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This wpuld indicate further that in vivo the iron of this iron-protein complex is 
completely available. 

Extraction oj fish tissue with buffer . — In order to investigate whether the iron- 
protein complex is extractable with buffer, a sample of fish tissue was estimated for 
total available iron by the method described above, viz., by a-a'-dipyridyl method 
after peptic digestion and reduction by sodium hydrosulphite. Another sample 
was treated as follows : 10 g. of the sample were treated with acetate buffer (pH 
5 - 5) and with 0'5 g. of sodium hydrosulphite and the mixture was left overnight. 
Next day, the mixture was centrifuged. The residue was washed three times with 
distilled water in order to make it free from hydrosulphite and then digested with 
pepsin solution and its iron content estimated by a-a'-dipyridyl as described before. 
The iron content of the buffer extract was estimated by Hill’s method without 
proteolysis. The values are given in Table II : — 

Table II. 


Available iron in mg. per 100 g. of fresh raw fish. 


Bengali name, j 

Zoological name. 

After peptic 
digestion 
of the fresh 
tissue. 

By Hill’s 
method applied 
to the buffer 
extracts and 
washings. 

After peptic 
digestion 
of the fish 
residue. 

Total 
available 
iron in buffer 
extract and 
residue. 

Koi 

1 

Andbas testudineus 

1-23 

0*76 

0-45 

1*21 

Shinghi 

Saccobrcinchus fossilis 

1*38 

0*95 

0-40 

1*35 

Magur 

Clarius batrackvs 

1*26 

0*71 

0-42 

1*13 

Jtohu 

Labeo rohita 

i 

0*85 

0*50 

i 

0*32 

0*82 

ICatla 

! 

Catla catla 

0*72 

0*49 

0*21 

0*70 

Bag da cliingri 

— 

0-93 

0*76 

! 

0‘15 

0*91 


Prom the above results it appears that practically all the iron-protein com- 
plex of the fish remains in the residue after extraction with the buffer, so that the 
value for total available iron obtained by peptic digestion of the raw fish is roughly 
equal to the amount of ionizable iron in the fish extract plus the amount of iron 
liberated after peptic digestion of the residue. 

Available iron in fish eggs . — Certain varieties of fisli obtained from the same 
sources and having approximately the same weights with and without eggs have 
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been investigated. It lias been found that in tbe fish with eggs, the available iron 
is greatly diminished in muscle and is concentrated in the roe. This is comparable 
with what occurs in human beings, in whom during pregnancy the foetus gets rich 
in iron (Sherman, 1937). The results are given in Tables III and IY. These 
also show the difference in available iron both in muscle tissue and in eggs by 
Hill’s method and by our method : — 


Table III. 


Available iron in mg. per 100 g. of egg and muscle tissue of egg-bearing fish. 


Bengali 

name. 

Zoological name. 

Weight 
of the 
fish 
in g. 

; 

Iron in ' 
muscle after 
peptic 
digestion. 

Iron in 
muscle by' 
Hill’s 
method. 

Iron in 
egg after 
peptic 
digestion. 

1 

Iron in 
egg by 
Hill’s 
method. 

Hilsa 

Clupea ilisa 

612 

1 

0*36 

0*24 

0*96 

0*73 

Bele 

Glassgobius giuris 

113 

0*18 

0*07 

0*48 

0*33 

Shinglii 

Saccobranchus fossilis 

46 

0*63 

0*50 

1*85 

0*98 

Koi 

Aiiabas tesludineus 

52 

0*53 

| 0*36 

1*63 

1*32 

Rohu 

Labeo rohita 

415 

0*36 

0*25 

0*97 

0*72 

Katla 

Caila catla 

517 

0*41 

0*32 

1*10 

0*81 


Table IV. 


Available iron in mg. per 100 g. of the muscle tissue of non-egg-bearing fish. 


1 

Bengali | 
name. | 

i 

Zoological name. 

Weight 
of the 
fish 
in g. 

Iron in 
muscle after 
peptic 
digestion. 

Iron in 
muscle hy 
Hill’s 
method. 

Iron in 
egg after 
peptic 
, digestion. 

Iron in 
egg by 
Hill’s 
, method. 

Hilsa 

Chqiea ilisa 

587 

0-76 

0*51 

• . 

, . 

B616 . . | 

i 

Glassgobius giuris 

128 

0*15 

0*04 

• • 

• . 

Shinghi 

Saccobranchus fossilis 

51 

1*32 

0*89 

. • 

. . 

Koi „ . ! 

Anatas tesludineus 

48 

1*10 

0*68 

. . 

. . 

Rohu 

Labeo rohita 

401 

0*72 

0*52 

•• 

•• 


The effect of extracting fish tissues at different pR . — It was found that in certain 
tissues, only a small portion of the iron present reacted with dipyridyl when sus- 
pended in the sodium acetate-acetic acid buffer at pH 5-5 as recommended by Hill. 
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Investigations of Sherman (1934) showed that the buffering systems of these tissues 
were so strong that their action predominated over that of the added buffer. The 
result was that the pH of the tissue and buffer mixture did not remain at 5*5, but 
rapidly returned to a nearly neutral reaction which prevented the liberation of 
that portion of iron which was in simple chemical combination. The effect of 
increasing the acidity of the fish-tissue suspension on the value of available iron 
was therefore studied. All other conditions were maintained as in the method 
of Hill. The results are shown in Table Y. For purposes of comparison the results 
of similar experiments carried out with goat meat (muscle tissue) are shown in the 
same table. These indicate that fish and meat behave similarly in this respect 
and in every case there is increased liberation of available iron as the acidity 
increases. 

Table V. 


Available iron in mg. per 100 g. of raw fish. 


Bengali name. 

Zoological name. 

With buffer 
at pH 5*5. 

i 

With 

ACETIC ACID OF VAJtlOITS CONCENTRATIONS. 

2 per 
cent. 

4 per 
cent. 

6 per 
cent. 

8 per 
cent. 

10 per 
cent. 

12 per 
cent. 

Boal 

Wallago atlu 

0-32 

i 

0*41 

0*45 

0*46 

0-53 

0*53 

0-52 

Bele 

Glassgobius giuris 

0*03 

0*07 

0*12 

0*13 

0*14 

0*13 

0*13 

Katla 

Gatla catla 

0*52 

0-61 

0*76 

0*85 

0*84 

0*85 

0*85 

Shinghi « * . 

Saccobranchus fossilis 

0*87 

0*93 

1*20 

1*25 

1*30 

1*30 

1*31 

Koi 

Anabas tesludineus 

0*76 

0*86 

0*88 

0*96 

0-97 

0*97 

•• 

Lata 

Ophicephalxis punctatus 

0*65 

0*72 

0*76 

0*76 

0-76 

0*75 

0-76 

! 

Goat’s muscle 

.... 

0*23 

0*46 

0*65 

0*88 

0*86 

1*45 

! 


— 

0*12 

0*38 

0*59 

0*82 

0*93 

1*12 

1*12 

fj • • 

.... 

0*30 

0*46 

0*63 

0*91 

1*10 

1*30 

1*30 


Prom the above findings it is clear that simple extraction with buffer -.at pH 
5-5 by Hill’s method would not extract all the available iron. The lowest pH 


K. C. Saha, and B. C. Guha. 


885 


values at which the maximum quantity of available iron is liberated vary from 
tissue to tissue. If, as in our method, the tissue is digested with pepsin prior to 
the buffer extraction then the disturbance caused by the buffering action of the 
tissue is e limin ated and the iron values obtained are independent of the acidity 
of the medium which is shown in Table YI . This holds good also for goat-muscle 
tissue (Table YI) : — 

Table YI. 


Tissue digested with pepsin, prior to the addition of buffer or acetic acid 
at various concentrations. Figures are given in mg. of available 
iron per 100 g. of raw tissue. 


Bengali name. 

Zoological name. 

With buffer 
pH 5*5. 

* With acetic acid. 

2 per 
cent. 

4 per 
cent. 

6 per 
cent. 

8 per 
cent. 

Shinghi 

Sctccobranclms fossilis 

1-30 

1*25 

1-30 

1*31 


Rohu 

Labco rohita 

0*82 

0*82 

0*81 

0*S2 

0*S1 

Boal 

Wallago attu 

0*51 

0-50 

0*51 

0*52 

0*51 

Bele 

Glassgobius giuris 

0*13 

0*13 

0*13 

0*13 

0*12 

Katla 

Catla catla 

0*85 

0*84 

0*S4 

0*84 

•• 

Goat’s muscle 

• . « « 

1*35 

1-38 

1*36 

1-35 

1*38 

5J • • 

.... 

1*10 

1*11 

1*12 

1*10 

. . 









Summary. 

1. Some of the iron present in fish tissue appears to be present as an iron- 
protein complex which, as such, does not react with a-a'-dipyridyl. This iron- 
protein complex can be easily hydrolyzed by pepsin and trypsin and is therefore 
nutritionally available. After digestion the iron liberated from the iron-protein 
complex can be estimated by the a-a'-dipyridyl method of Hill. A method of esti- 
mating the total available iron is described, wliich involves peptic digestion followed 
by reduction with sodium hydrosulphite and treatment with a-a'-dipyridyl. The 
available iron estimated by this technique is much greater than that obtained with 
the undigested tissue by Hill’s method. This also applies to animal tissues like 
goat s muscle. Treatment with 10 per cent acetic acid also gives values, which are 
practically equal to those obtained after peptic digestion, so that application of 
Hill s method after previous treatment with 10 per cent acetic acid would also 
appear to be a good alternative method for the estimation of available iron. In this 
method only a slight uncertainty is involved, as the minimum acid concentration 
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for getting the maximum value for available iron varies from fish to fish. With 
the varieties of fish investigated, however, 10 per cent acid concentration appeared 
to be s uffi cient for getting the maximum yield of available iron. 

2. The peptic digestion of fish tissue gives considerably higher values than 
tryptic digestion. Peptic digestion is complete within two to three hours so far 
as available iron is concerned. 

3. During egg-formation, the available iron content of the muscle of the fish 
is greatly decreased, while iron is found concentrated in the roe. 
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DIETARY AND NUTRITION SURVEY AT JAMSHEDPUR, 

AN INDUSTRIAL TOWN IN BIHAR. 

BY 

K. MITRA. 

( Nutrition Scheme, Public Health Laboratories , Bankipur.) 

[Received for publication, November 8, 1939.] 

Introduction. 

A truit of modern industrial enterprise, Jamshedpur (popularly known as 
Tatanagar) has risen on the Cliotanagpur plateau within the last thirty years, and 
at present ranks as one of the biggest industrial centres in the whole of India, and 
covers an area of about 25 (24-57) square miles. • The town is irregularly rhomboid 
in appearance, situated between the Subarnarekha and Kharkai rivers at the north- 
eastern portion of the Singhbhum district. The last (1931) census enumerated a 
population of 83,738 in the town but even by modest estimate the mid-year popula- 
tion 1938 comes to a figure slightly in excess of one lakh. As the town has grown 
almost out of nothing, or at best a few huts of the aboriginal tribes, the residents 
are all immigrants-from different parts of India. The town is well laid out with 
piped water-supply and sewerage system. The indices for the vital happenings 
at Jamshedpur compiled from the Annual Reports of the Medical Officer of Health 
for three successive years and enumerated in Table I, show unusually favourable 
rates as compared to the other parts of this province. In spite of the fact 
that Messrs. Tata Iron & Steel Company (with their subsidiary industries in the 
neighbourhood) employ people with * better than average ’ state of physique in their 

Table I. 


Vital indices of Jamshedpur. 


Individual index. 

193G-37.* 

1937-38.* 

1938-39.* 

Birth rate 

8-85 

10-49 

' 10*4 

Death rate 

3-C9 

3-99 

4*3 

Infant mortality 

45 

30 

28 


J, MR 


* Year commences 1st April. 

( 887 ) 


5 
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active periods oj life, still tliis selected age and sex composition of the population 
cannot fully explain away such lowering of natality and mortality rates. More- 
over, the registration of births and deaths is not compulsory in the town. All 
these facts tend to prove that some amount of under reporting in the Vital Registers 
did exist during the period under review. 

An investigation into the dietary habits and state of nutrition of the residents 
was started by the author in the month of July 1938 extending over a period of 
little more than three months. Altogether 177 family units consisting of 845 persons 
were included in the diet survey and 2,003 children examined so as to discover their 
state of nutrition. 

The dietary investigations were carried out on the lines suggested by Aykroyd 
and Krishnan (1937). Each family was under observation for fifteen consecutive 
days. The raw food before cooking was weighed and converted into proximate 
principles of food (protein, fat, etc.) for purposes of calculation according to the 
values laid down in Health Bulletin No. 23 (1938) and a publication by the 
author (Mitra, 1938) on the subject. The international scale of family co-efficients 
advocated by the Health Organization of the League of Nations (1932) was 
used in calculating intake per consumption unit or man-value. The energy values 
of the nutritive principles in the dietary were calculated according to Rubner’s 
co-efficients. 

An attempt has been made in Table II to divide the families surveyed in 
different income groups, altogether four in number. For references in the text the 
group numbers would be referred to for the sake of brevity. At Jamshedpur the 
minimum wages paid to the employees being eight annas and nine pies per capita 
per diem. In families with more than one earning member all the earnings have 
been pooled together in calculating the income of the family. 


Table II. 


Distribution oj families surveyed into various economic groups. 


Classification 
of families. 

I 

Total daily 
income of the 
families in 
rupees. 

1 

! 

Number 

I of families 
in the 
group. 

Total 
number 
of con- 
sumers. 

Total 
consump- 
tion units 
(man- 
values). 

Average 
number of 
consumers 
per family. 

Daily income per 
consumption unit 
(man-value) in 
the group, in 
annas 

(16 annas=l rupee). 

Group I . . 

Up to 1 

110 

479 

368-0 

4*4 

3*1 

„ II .. 

„ 1-8 .. 

35 

177 

137-7 

5*1 

5*4 

„ III .. 

1 

Q 1 

j) « • • ! 

! 

19 

j 

116 

84-7 

6*1 

7*4 

„ iv .. 

Over 3 . . 

i 

13 

73 

62-7 

i 

5-0 

14*0 

1 

Totals . . 1 

177 

845 

653*1 

4*8 

5*2 
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As the time at the disposal of the author did not permit of a comprehensive 
survey of all the different sects, communities, and classes, of the immigrants from 
all over India, the investigation was primarily limited to the natives of the 
province of Bihar. Out of a total of 177 families as many as 131 or 74 per cent 
belonged to this province. The frequency distribution of the families in each group 
investigated according to their native provinces is given in Table III. The 
families were picked up at random from amongst the residents of Sonari, Burma 
Mines, Ivashidih, Sakclii, Sitaramdera, Bhalubasa, East Plant, Mahaulbera, and 
Dhatkidih mahallas of the town. Quite a large percentage of the householders in 
the mahallas surveyed looked at this operation with a certain amount of suspicion 
at the beginning, nevertheless the majority did not object to the weighment of food- 
stuff nor withhold any information sought for. Those protesting too much were 
either not taken in or else dropped out after a day or two. The investigations 
were confined to the families of the working classes, i.e., those earning their liveli- 
hood by manual labour. The majority of the bread-winners were employees of 
Messrs. Tata Iron & Steel Company and the rest were employed by the subsi- 
diary industrial concerns in the locality. No other special methods of sampling 
were employed in choosing the families. 

Table III. 


Frequency distribution of the ‘provincial origin of the families surveyed 

in Jamshedpur. 


Province. 



Group III. 

Group IV. 

Totals. 

Bihar 

74 

i 

29 

i 

15 

13 

131 

Central Provinces, including 
states. 

15 

1 

5 

•• 

1 

20 

Orissa, including states 

20 

1 1 

3 

1 

i 

24 

Bengal 

1 

[ 

•• 

•• 

1 

United Provinces 

•• 

i 

1 

•• 

1 


In the assessment of the physiological value of the diets adequacy of energy 
value or gross quantitative rating deserves primary consideration. Scales of 
calorie requirements for different occupations in India have yet to be worked out. 
Consequently one has to fall back upon recommendations made by the Technical 
Commission of the League of Nations (1938). The Commission w T as of opinion 
ihat an allowance of 2,400 calories daily was adequate ‘ for a sedentary man ’ 
and 3,000 calories for a moderately active man. Within the last few years some 
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amount of work on the basal metabolism rate has been carried on in different 
parts of India and the B. M. R. has been found to be definitely below the Aub 
and DuBois standards. Recently a.t Bombay, Niyogi et al. (1939), in working 
out energy expenditure budget, found that a man engaged in * moderate work 5 
requires 2,604 calories daily. Under the circumstances it would not be far out 
to classify the allowances in families with (a) intake of less than 2,600 calories 
per capita per diem as ‘ below standard ’, (b) with 2,601 to 3,000 calories as 
‘ bare minimum ’, and (c) with an allowance of 3,001 calories and above as 
* adequate 

The frequency distribution of the families according to the. total calorie 
consumption in the light of the arbitrary classification suggested above in each 
of the income groups is shown in Table IY. From Table IY it is quite 
apparent that almost all the families with inadequate calories in their diet 
belong to group I. The individual families in groups II and III judged * below 
the standard ’ included nine and eleven persons, the calorie consumption being 
2,440 and 2,517, respectively. 


Table IV. 


Frequency distribution of the families in the different income groups according 
to the adequacy oj calorie consumption. 


Calorie consumption. 

Group I. j 

Group II. 

Group III. 

Group IV. 

Actual. 

o 

to 

a 

-W ! 

ES 1 

<L> 

O 

U 

<D 

P-4 

Actual. 

Percentage. 

Actual. 

Percentage. 

Actual. 


1 Below standard \ up to 2, GOO . . 

31 

l 

2S-2 

1 

2*8 

1 

" l 

5-3 

Nil 


4 Bare minimum \ 2,601-3,000 . . 

1 

22 

20*0 

! 

8 

22*9 

6 

31*6 

2 

15*4 

i 

/ 

* Adequate over 3,000 

' 57 

51*8 

26 

74*3 

12 

63*1 

11 

84*6 

Totals 

110 

100*0 

35 

100-0 

19 

i 100-0 

13 

100-0 


Types oe food consumed. 

Before considering the proximate principles of food consumed daily by the 
individuals in the different groups of families, it is desirable to tabulate the respec- 
tive intake in ounces in terms of raw food classified according to their nutritional 
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characteristics. Table Y gives the average daily consumption in ounces of the 
various types of edibles in the different groups. The author (Mitra, 1939) 
has demonstrated that such a tabulation serves as a rough and ready index in 
the absence of a more detailed study. 


Table V. 


The types of food consumed daily in ounces per man-value in the different 

groups. 


Families in 
different 
income 
groups. 

Cereals. 

Pulses. 

Non-leafy v e g e - 
tables. 

Green leafy vege- 
tables. 

Oils and fats. 

Flesh foods. 

Milk and milk prod- 
ucts*. 

Fruits and nuts. 

Condiments. 

Sugar and jaggery. 

Group I . . 

23*9 

2*4 

2*3 

1*2 

0*5 

0*6 

0*5 

0*1 

0*7 

0*2 

» ii .. 

24*4 

3*1 

2*7 

1*0 

0*8 

0*7 

1*4 

0*3 

1*0 

0*3 

,, hi .. 

22*1 

3*8 

5*5 

0*3 

1*3 

1*3 

2*6 

0*9 

1*6 

0*7 

„ IV .. 

21*0 

i 

1 

i 

3*4 

6*2 

0*1 

1*8 

1*0 

5*7 

0*9 

1*6 

0*8 

Aveuage , . 

22*9 

3*2 

4*2 

i 

0*7 

1*1 

0*9 

2*6 

0*6 

1*2 

0*5 


* Does not include * ghee ’. 


Almost all the families under investigation used one of the commoner vegetable 
oils expressed from mustard seeds ( Brassica juncea and other species), gingelly 
seeds ( Sesamum indicum ), or maliua seeds '( Bassia latijolia). Those who could 
afford to spend, supplemented the different vegetable oils with certain quantities of 
ghee 5 (butter fat). Table YI gives the frequency distribution of families according 
to the intake of the different types of fats in the dietary. The table is self- 
explanatory and needs very little comment. Quite in keeping with the experience 
ot other investigators the consumption of fats and oils was found to maintain a 
positive correlation with the increase of income in the groups ( see Tables V and VI). 
On a detailed analysis it was further found that of the total fats used ‘ ghee ’ 
comprised by weight 19-0 per cent, 40‘5 per cent, 50T per cent, and 55*7 per cent 
respectively, in groups I to IV. 
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Table VI. 


Frequency distribution oj families according to the intake of different types 

of culinary fats. 


Income groups. 

Total 
number 
of fami- 
lies. 

Families using the following fats. 

Number 
of oil or 

4 ghee \ 

Mustard 
oil only. 

Gingelly 
oil only. 

I 

i Maliu a 
oil only. 

i 

‘ Ghee * plus 
any oil. 

1 Actual 

110 

2 

76 

11 

1 

20 

Group I } 







[ Percentage 

100*0 

1-8 

| 

69*1 

10-0 

0-9 

18-2 

f Actual 

35 

0 

12 

2 

0 

21 

„ n . 







\ Percentage 

100-0 1 

• • 

34*3 

5*7 

i 

60-0 

f Actual 

19 

0 

2 

0 

0 

• 17 

„ HI J 







[ Percentage 

100-0 

• • 

10*5 

•• 

•• 

89*5 

[ Actual 

13 

0 

1 

0 

0 

12 

„ iv 







[ Percentage 

100-0 

• • 

7*7 



92*3 

All j Actual 

177 

2 

91 

13 

1 

70 

families ^ Percentage 

100-0 

11-2 

51*4 

7*3 

I 

0*6 

39*5 


Coming to the consideration of protective foods, one finds average consump- 
tion increasing with the income with the exception of green leafy vegetables which 
shows a reverse correlation. But if the intake of non-leafy vegetables and green 
leafy vegetables be added up together then the higher income groups do show 
an increased rate of consumption. When the prices of the more common edibles 
at Jamshedpur are discussed later in the text it will be seen that green leafy 
vegetables are no dearer than the non-leafy ones. Why do the people in the higher 
income groups consume less of the former than their circumstances apparently 
permit 1 It is probably due to their ignorance of the nutritive values of the edible 
green leaves. During the survey operations the author noticed edible green 
creepers on the top of some of the thatched houses inhabited by the poorer class 
of people. This healthy practice accounts for the comparatively higher average 
consumption of ‘ shag ’ (green leaves) in the poorer income groups. Wilson and 
Mitra (1938), in a dietary survey with 37 families of industrial workers in Assam, 
found that each person per day was consuming 19 oz. cereals, 1 oz. pulses, 3-4 oz. 
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non-leafy vegetables, 0*2 oz. leafy vegetables, 0-3 oz. fats and oils, 0-2 oz. flesh 
foods, 0'5 oz. milk, and no fruits. This average daily intake compares unfavour- 
ably even with the lowest income group (group I) of Jamshedpur workers. The 
Assam workers were also comparatively poorly paid, their wages being Rs. 7 to 
Rs. 12 per month. Table VII gives the actual number as also the percentage 
of the families not consuming the different protective foods. This table has been 
introduced because the deviations round the arithmetical mean or average figures 
in all the groups shown in Table V does not give a correct picture of the 
happenings. Further, Table VII helps to give a picture of the trend of the 
dietary habits in the different income groups as far as the protective foods are 
concerned. 

Table VII. 


Families in the different income groups not consuming various 

protective foods. 


Family groups* 

Green leafy 
vegetables. 

Flesh 

foods. 

Milk. 

Fruits and 
nuts. 

r Actual 

33 

45 

79 

95 

Group I I 





^ Percentage 

30*0 

40*9 

; 7i*s 

1 

86-4 

( Actual 

12 

9 

14 

28 

„ II J 





| Percentage 

34-3 

25*7 

40*0 

S0*0 

f Actual 

9 

4 

3 

10 

„ HI J 





y Percentage 

47*4 

21*1 

15*8 

52*6 

r Actual 

9 

5 

1 

3 

„ IV J 





^ Percentage 

69*2 

38*5 

7*7 

, 23*1 


Cost op edibles. 

It is well known that the cost of the various commoner foodstuffs at Jamshed- 
pur is much higher than the prices prevalent in other parts of this province. Of 
the cereal foods parboiled rice formed the staple article of diet. It was gratifying 
to find that the poorer classes invariably consumed home-pounded parboiled rice 
available in hats (village markets). This type of coarse rice was sold at 26 lb. to the 
rupee. The costliest rice consumed in higher income groups was found to sell at 
-0 lb. to the rupee. Some amount of wheat flour (one anna per lb.) and green maize 
Was consumed. Of the pulses red gram (arhar) was most popular. Some amount of 
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Bengal gram, green gram, and lentil, was consumed. The pulses used were sold at 
12 lb. to 14 lb. per rupee. The common vegetables consumed were potato, parwar, 
raddish, bitter gourd, marrow (nenua), lady’s fingers (bliindi), these were selling 
at two-and-a-half annas, four annas, three annas, three annas, two annas, and two- 
and-lialf annas, per pound respectively. Mustard oil and gingelly were selling 
at three annas to four annas per pound and ‘ ghee ’ at twelve annas per pound. The 
flesh foods consisted of goat meat (four annas per lb.), fish (six annas per lb.), fowl 
(four annas per lb.), and eggs (ten annas to the score). A certain amount of beef 
(two annas and six pies a lb.) was consumed by the Mohammedans and aboriginal 
families surveyed. Green leafy vegetables were selling at one anna and milk at 
two annas per pound. 


Proximate principles oe rood. 

Table VIII gives the average consumption per capita per diem of the various 
proximate principles of food in families belonging to the different income groups. 
The corresponding figures calculated for the industrial workers in Assam as cal- 
culated by Wilson and Mitra ( loc . cit.) are 58'8 g. protein of which 2'7 per cent 
being of animal origin ; 11-99 g. of fat of which 3-2 being of animal origin ; 458 g. 
of carbohydrate, 0-173 g. of calcium, 1-67 g. of phosphorus, 1,697 international 
units of vitamin A, 624 international units of vitamin Bj, and 26 mg. of 
vitamin C. The average intake of calories by Assam workers is 2,181 of which 
88-9 per cent was contributed from cereal foods. If vitamin A be left out of 
consideration then the diet of the working-class families at Jamshedpur is 
decidedly superior both in quality and quantity as compared to that of similar 
families surveyed in Assam. 

Protein . — The intake of total protein may be considered adequate, but that 
of the animal protein is certainly below standard in all the groups. With the 
increase of income level the average consumption figure for animal protein does 
show an increase. 

Fat . — According to the minimum intake level advocated (45 g. to 60 g.) in the 
Health Bulletin (loc. cit.) the consumption of this item of food is below the level, 
except in the two higher income groups. The consumption of total fat and animal 
fat (‘ ghee ’) maintains a positive correlation with the income. 

Calcium . — According to the Sherman (1937) standard (0-68 g.) the intake was 
inadequate in all the income groups. This is not at all surprising in view of tlie 
sparing consumption of milk and leafy vegetables (see Table V) and the high intake 
of rice. 

Phosphorus . — Intake can be called adequate by the Sherman standard (1-32 g.) 
but with the increase of knowledge about phytin phosphorus one does not feel happy 
about the figures. The Ca : P ratio varies from 1 : 3 to 1 : 6 in extreme cases. 

The intake of the other important mineral element, iron, has been excluded 
from the calculations as the figures for the availability of this element in all the 
foods consumed during the survey could not be found in the literature. 



Table VIII. 

Average daily intake of nutrients per man-value in the different groups. 
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Vitamin A . — The intake of this extremely important food principle is much 
below the universally-accepted standard in all the income groups. On a detailed 
analysis of the figures one finds that the percentage of families showing adequate 
consumption (3,000 international units per capita per diem) of this vitamin in 
groups I to IV are 19T, 17 - 2, 21 T, and 23*1, respectively. 

Vitamin B \. — The level of intake of this vitamin was found to be higher than 
the prescribed minimum of 300 international units daily. Such high figures are 
not unusual in a population consuming daily about 20 oz. of parboiled rice and 
requisite amount of pulses. It may b.e added in passing that beri-beri is a disease 
rarely encountered in this province. 

Vitamin G . — The minimum standard laid down in case of this vitamin is 30 mg. 
per capita per diem. From Table VIII it appears that the average intake of this 
vitamin is adequate in all the income groups. But on a closer study intake level 
of the percentage of families coming up to the standard from groups I to IV are 
found to be 6O0, 80*0, 78‘9, and SI'G, respectively. 


Discussions on improvement. 

Out of a total of 177 families surveyed the calorie consumption of 33 families 
appears to be inadequate. In other words, a little over 18 per cent of the 
families were not getting enough to eat. This defect in the dietary can only be 
remedied if more money be spent on food either by increasing the income of the 
family to a certain extent or else by re-adjustment of the fa mil y budget if this be 
possible. The problem can only be solved by an experienced economist. The 
amount of indebtedness and expenditure on major items other than food could not 
be investigated as a detailed economic survey was beyond the scope of the 
author’s investigations and the circumstances did not permit of it. 

Regarding the qualitative defects in the dietary, these can be classified under 
(«) defects which can be remedied with very little or no cost and (b) defects 
which necessitate a certain amount of expenditure. In the former group can be 
included inadequacy of calcium, vitamin A, and vitamin C (in a small percentage 
of cases). 

A rich source of vitamins A and C as also of calcium is the leafy vegetable. 
It is admitted that green edible leaves are comparatively dear at Jamshedpur, but 
every one of these householders can with very little expense grow the common 
creepers of gourd, marrow, pumpkin, etc., and use the green leaves. Commoner 
type of amaranth can also be grown. In this connection all that is necessary is 
the dissemination of the proper knowledge or propaganda, amongst the house- 
holders. 

Increase of animal protein in the diet would certainly involve some amount 
of extra money in the case of the lower income groups. In the higher income 
groups, i.e., those with an income of Re. 1-8 or more, can certain ly provide for 
this important food factor by increasing the consumption of milk or flesh foods, 
preferably the former. 
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Examination of childken. 

Altogether 2,003 children between the ages 2 and 16 years were examined 
anthropometrically as also clinically. This number consisted of 1,610 boys and 393 
girls. These were picked at random in the neighbourhood of the mahallas surveyed 
and also from the primary schools. During the survey an attempt was made to 
confine the investigation to the state of nutrition of children up to 12 years age but 
where older children spontaneously or at the instigation of parents and guardians 
volunteered themselves for examination it was found very difficult to refuse 
them. The height and weight measures of the boys and girls in the different age 
groups are given in Table IX. Comparison with corresponding figures from the 

Table IX. 


Height and weight of boys and girls in the different age groups. 


Age in years 
(last birth- 
day). 

Total number 

EXAMINED. 

Height in inches. 

Weight in pounds. 

Boys. 

Girls. 

Boys. 

Girls. 

Boys. 

Girls. 

2 

9 

14 

33*00 

31*64 

21*1 

18*0 

3 

22 

16 

35-45 

35-00 

26*4 

24*0 

4 

41 

31 

41-49 

39-10 

29-7 

27-8 

5 

144 

63 

42*96 

42-36 

34*2 

32-2 

6 

241 

82 

45-04 

44*39 

38*5 

34*0 

7 

241 

55 

47-51 

46*47 | 

1 44*2 

40-8 

8 

229 

49 

50-02 

48-79 

48*6 

45*9 

9 

267 

32 

51-37 

50*15 

52*2 

49*3 

10 

183 

28 

53-18 

52*78 

57*3 

53*4 

11 

156 

20 

54-64 

53*20 

63*4 

56*1 

12 

39 

1 

56-33 

54*08 

65*0 

62*0 

13 

18 

2 

57-36 

55*0 

76*3 

70*5 

14 

10 

. . 

58-92 

. . 

85-3 

. . 

15 

7 

. . 

60-71 

. . 

89*2 

• * 

16 

3 

•• 

61-67 

*• 

91*7 

•• 

Totals . . 

1,610 

393 

-• 

•• 

•* 

*• 
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different parts of India lias been avoided as the children belonged to more than one 
race. The proportion of boys and girls in Table IX is in no way comparable 
to the existing distribution of the sexes amongst the children population at 
Jamshedpur. As boys could be secured comparatively easily during field work, 
their number predominated. The income of the children’s parents or guardians 
could not be obtained, consequently they have been grouped under one class; 
only a distinction of sex has been made. 

State of nutrition. 

All these children were rated as * good ' fair and * poor as to their state 
of physique and general appearance by the naked-eye examination. This is the 
way of rating followed by the Medical Officers of the Public Health Department 
in the examination of the school “children of this province. The results are 
given in Table X : — 

Table X. 


Naked-eye assessment of the physique oj children. 


Sex. 

Total 
number 
examined. | 

Good. 

Fair. 

Poor. 

Number. 

Percentage. 

Number. 

Percentage. 



1 

Boys 

1,610 

i 

218 

13-5 

1,144 i 

71*1 

248 

15*4 

Girls 

i 

393 

71 

18-1 

291 

I 

74*0 

I 

31 

7*9 

Totals . . 

i 

2,003 

289 

i 

14*4 

1,435 

i 

71-6 

279 

13*9 


When the child looked definitely malnourished he was classified as ‘ poor ’ 
and when the child looked healthy, bright, and cheerful, irrespective of his robust- 
ness, he was classified as ‘ good ’. The lustre of the eyes, the prominence of the 
ribs, and the skin conditions, were particularly noticed in arriving at a diagnosis. 
Others were all classified as * fair 

Incidence or deficiency conditions. 

Each one of these children was examined for the physical signs of xeroph- 
thalmia, phrynoderma, angular stomatitis, dental caries, and malocclusion of teeth, 
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conditions supposed to be associated with one or other forms of dietary deficiency. 
The teeth figures for the dental caries represent the results of naked-eye 
examination as to dental decay. Of all the conditions noted above, the 
incidence of dental caries seems to be the highest, though cases of dental decay 
as noticed by the naked eye have only been recorded. Wilson and Mitra 
(loc. oil.) have recorded a much lower caries rate amongst the children of 
the comparatively poorly paid Assam industrial workers. The incidence of 
xerophthalmia is, however, much lower than the respective figure for Assam 
children records. * Clinical signs ’ in Table XIII means only xerophthalmia, 
phrynoderma, and angular stomatitis. 

Table XI. 


Incidence of various conditions said to be associated with dietary deficiency. 



Arm-chest-iiip measurement. 

The A. 0. II. index of almost all the children (1,579 out of 1,G10 boys and 356 
m! 0 . ^ Sirls examined clinically) was recorded during the survey operations. 

of l0 l C ’lri ° Ufc belon S ed ex ^ reme age groups (see Table IX). The percentage 

c n ren selected was as high as those of Assam labour population recorded by 
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Wilson and Mitra ( loc . cit.). Tables XII and XIII give the results of analysis of 
the records : — 

Table XII. 


F our -j old table showing the number of children examined for clinical 
signs and A. 0. H. index. 




Children with 

Children not 
with clinical 

Totals. 



clinical signs. 

signs. 



Boys 

64 

512 

576 

Children 




selected by 

Girls 

12 

81 

93 

A. C. H. index. 

, All children . , 

76 

593 

669 


r Boys 

52 

951 

| 1,003 

Children not 




selected by - 

Girls . . ! 

10 

253 

263 

A. C. H. index. 

. All children . . 

62 

1,204 

1,266 


f Boys 

116 

1,463 

1,579 

All children 
examined. 

Girls 

22 

334 

350 


L All children . . 

138 

1,797 

1,935 


Table XIII. 


The comparative study of A. C. H. index and incidence of clinical signs. 


Sex. 

Number 

examined. 

Percentage 
selected 
by A. C. H, 
index. 

Percentage 
with clinical 
signs. 

Percentage of 
those with 
clinical signs 
selected. 

Percentage of 
those without 
clinical signs 
selected. 

Boys . . 

1,579 

36*5 

1 

7*3 

55*2 

35*0 

Girls 

1 < 

! 350 

1 

! 26T 

i 

I 

j 6*2 

54*5 

! 24*3 

Totals . • 

! 

1,935 

34*6 

B 

55*1 

30*6 
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A glance at Table XIII suggests that the girls displayed a better state of 
nutrition than the boys. But statistical analysis of the figures shows that as far 
as the incidence of clinical signs is concerned the difference in rate between 
boys and girls is not significant, whereas a significantly higher rate of boys, 
as compared to the girls, was selected by the A. C. H. index. 

The suitability of the index for assessment of malnutrition has been discussed 
in detail by Aykroyd et al. (1938). In the present study the index has apparently 
selected a very high percentage of children as compared to the percentage of children 
diagnosed as malnourished (poor nutrition) either by the naked-eye survey of the 
physique as a whole or judged by the incidence of clinical signs. It was found that 
a considerable percentage of children showing clinical signs was not selected by the 
A. C. H. method. These findings simply support the suggestions made by others 
that certain amount of modification has to be made in the criterion table compiled 
by its American authors before the A. C. H. index can be used safely in the study 
of ‘ nutrition ’ of Indian children. 

Summary or findings. 

1. An investigation into the food intake of 177 families consisting of 845 
persons was carried out at Jamshedpur in the autumn of 1938. 

2. Shortage of calories or quantitative deficiency was noticed in about 28 
per cent of the families in the lowest income group. 

3. The consumption of oils, fats (as also e ghee ’), and milk was found to 
maintain a positive correlation with the income of the family. 

4. The intake of protective foods, though increasing in quantity with a rise 
in income, was found to be inadequate even in the highest income group. 

5. On the average the amount of total protein in the dietary was adequate 
but the percentage of protein from animal sources rarely exceeded 12 per cent. 

6. Quite contrary to the consumption of the other protective foods, intake 
of green leafy vegetable was found to maintain a negative correlation with income. 
This apparent incongruity was due to the fact that the poorer groups of people 
often grew a few edible creepers inside their huts. 

7. About 2,000 children were examined as to their state of nutrition by clinical 
and A. C. II. methods. The latter method selected an abnormally high percentage 
of children as compared to the percentage of malnutrition diagnosed by the former. 
The incidence of dental caries was found to be as high as 30 per cent. 

8. Suggestions as to the possible improvements in the dietary have been 
made. 
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APPENDIX, 


Distribution of families according to intake per man-value daily of the various 

proximate principles of food. 


Nutrients. 


Geoup I. 

Geoup II. 

Geoup III. 

Geoup IY. * 


Actual. 

: • 1 

Percentage. 

Actual. 

Percentage. 

Actual. 

Percentage. 

Actual. 

Percentage. 

Calorics : — 

Up to 2,000 


3 

i 

i 

2*7 





i 

1 . » 


„ 2,500 


20 

18*2 

i 

2*9 



*• 

•• 

„ 3,000 


31 

28*2 

I 

S 

22*9 

7 

36*8 

| 2 

15*4 

„ 3,500 


44 

40*0 

19 

54*2 

5 

26*3 

| 6 

46*2 

Over* 3,500 


12 

10*9 

7 

20-0 

7 

36*S 

i 5 

3S*4 

Totals 

•• 

110 

100*0 

35 

100*0 1 

19 

99*9 

13 

© 

o 

© 

M 

Calorics from cereals 
(per cent) 

Up to 60 


1 

3 

S*6 

1 

2 

10-5 

! s 

61*5 

»j /0 


8 

7*3 

1 

2*9 

9 

47*4 

1 3 

23*1 

„ so 

• • 

25 

| 22*7 

18 

51-4 

3 

15*S 

! 1 

7*7 

„ 90 

• • 

53 

48*2 

13 

37*1 

l 

5 

26*3 

•• 

•• 

Over 90 

•• 

24 

21*8 


-• 

•• 

•• 

1 

7*7 

! 

Totals 

•* 

110 

100*0 

35 

100*0 

19 

i 

100*0 

13 

100*0 



Calorics from fats 
and oils (per 
cent) 

Up to 5 

84* 

76*3 

15 

42*9 

5 

26*3 

1 

7*7 

,, 10 

•• 

19 

17*3 

12 

34*3 

7 

36*S 

•• 

• • 

>» 15 

•• 

7 

6*4 

5 

14*2 

3 

15*8 

4 

30*8 

,» 20 

.. 

• . 

.. 

3 

8*6 

2 

10*5 

7 

53*8 

Over 20 

•• 

•• 

•• 

! 

•• 

2 

10*5 

1 

7*7 

Totals 

*• 

110 

100*0 

35 

100*0 

19 

99-9 x 

13 

100*0 


J, Mr 


* Two families have not consumed fats and oils. 
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APPENDIX— contd. 



Group I. 

Group 11. 

Group III.. 

Group IV. 

Nutrients. 





1 




Actual. 

Percentage. 

Actual. 



Percentage. 

Actual. 

Percentage. 

Vitamin A : — 

i 








Up to 1,000 I. u. 

48 

43*6 

12 

34*3 

9 

47*4 

7 

53*8 

„ 2,000 „ 

25 

22*7 

13 

37*1 

5 

26*3 

3 

23*1 

„ 3,000 „ 

13 I 

11*8 

3 

8*6 

1 

5*3 

•• 

•• 

„ 4,000 „ 

7 

6*4 ' 

1 

2*9 

2 

10*5 

2 

15*4 

Over 4,000 „ 

17 

15-5 

G 

17*1 

2 

10-5 

1 

7*7 

Totals . . 1 

i 

110 1 

i 

100-0 

1 

35 | 

100-0 

19 

100*0 

13 

100*0 

Vitamin : — ■ 

1 

1 1 

t 

i 

i 


! 




Up to G00I.U. 

6 

5*5 

. . 


i 

5*3 

1 

7*7 

„ 800 „ 

31 * 

28*2 

9 

25-7 

3 

15*8 

2 

15*4 

„ 1,000 „ 

55 1 

50 '0 

11 

31*4 

i 8 

42*1 

5 

38*4 

O 

O 

<N 

14 

12*7 

t 

14 

40*0 

5 

26*3 

5 

38*4 

Over 1,200 ,, 

4 

3*6 

1 

2*9 

2 

1 10*5 


•* 

Totals 

110 

100*0 

35 

100-0 

| 19 

100*0 

13 

99-9 

Vitamin C : — 




1 

1 


i 

i 

i 

i 


Up to 50 I. U. 

62* 1 

56*4 

17 

48*6 

10 

52*6 

9 

69*2 

„ 100 „ 

25 | 

22*7 

11 

I 

31*3 

6 

31*6 

4 

30*8 

n 1 50 ,, 

6 

5*5 

| 3 

i 8*6 

1 

5*3 

, . 


„ 200 „ 

5 

4*5 


2*9 

, . 

. . 

. , 


Over 200 „ 

12 

10*9 

1 3 

8*6 

2 

10*5 

*• 



Totals . . I 

i 

no 

y 

100-0 

35 

100*0 

19 

100*0 

13 



* Three families have not tahen anything containing vitamin C. 

j 
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APPENDIX — contd. 



Group I. 

Group II. 

Group III. 

Group IV. 

Nutrients. 

j 

Actual. 

Percentage. , 

Actual. 

Percentage, j 

Actual. 

Percentage. 

Actual. 

Percentage. 

Calcium : — 

Up to 0*200 g. . . 

21 

19*1 

1 

2*9 





„ 0-400,, .. 

46 

41*8 

9 

25*7 

5 

26*3 

2 

15*4 

„• 0-600,, .. 

22 

20*0 

17 

48*6 

7 

36*8 

3 

23*1 

„ 0-800,, .. 

11 

10*0 

6 

17*1 

4 

21*1 

4 

30-8 

Over 0*800 „ . . 

10 

9*1 

2 

5*7 

3 

15*8 

4 

30*8 

Totals . . 

110 

100*0 

35 

100*0 

19 

100*0 

13 

! 

100*1 

Phosphorus : — 

Up to 1 -000 g. .. 

9 

8*2 







„ 1-200,, .. 

22 

20*0 

1 

2*9 

3 

15-8 

2 

i 15*4 

„ 1-600,, .. 

59 

53*6 

19 

54*2 

5 

26-3 

2 

15-4 

„ 2-000 „ . . 

17 

15*5 

14 

40*0 

7 

36-8 

7 

C3-8 

Over 2-000 „ . . 

3 

2*7 

1 

2*9 

4 

21-1 

2 

15-4 

Totals . . 

110 

100*0 

35 

100*0 

19 

100-0 

13 

100*0 

Carbohydrate : — 

Up to 400 g. 

2 

1*8 







»» 500 ,, . . 

17 

15*5 

1 

2*9 

2 

10-5 

2 

15*4 

„ ooo „ .. 

25 

22*7 

14 

40*0 

6 

31-6 

8 

61*5 

ty <00 fJ . . 

47 

42*7 

16 

45*7 

9 

47-4 

2 

15*4 

Over 700 „ 

19 

17*3 

4 

11*4 

2 

10-5 

1 

7*7 

— 









Totals . . 

110 

100-0 

35 

100*0 

19 

100*0 

13 

100*0 
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Nutrients. 

Group I. 

Group II. 

Group III. 

Gnour IV. 

Actual. 

Percentage. 

Actual. 

Percentage. 

Actual. 

Percentage. 

Actual. 

Percentage, 

Protein : — 

Up to 50 g. . . 

15 

13*6 






H[ 

„ 60 „ .. 

22 

20 '0 

3 

8*6 

2 

10*5 

. . 

1 

„ 70 „ .. 

24 

21*8 

G 

17*1 

2 

10*5 

2 

1 ‘ 

„ 100 „ .. 

48 

43*6 

24 

68*0 

13 

G8*4 

10 


Over 100 „ 

1 

0*9 

2 

5*7 

2 

10*5 

1 

mm 

Totals . . 

110 

99*9 

35 

100*0 

19 

99*9 

13 

100*0 

Animal protein : — - 
No intake 

3G 

32-7 

3 

8*0 

2 

10*5 

1 

7*7 

Up to 10 g. 

GO 

GO'O 

27 

77*1 

8 

42*1 

5 

38*5 

„ 20 „ 

8 

7*3 

3 

8*G 

9 

47*4 

7 

53-8 

„ 30 „ 

•* 

•• 

2 

5*7 

•* 

•• 


•• 

Totals . . j 

110 

. 100*0 

35 

100*0 

19 

100*0 

13 

100-0 

Fat : — 

Up to 20 g. 

G4 

58*2 

10 

28*6 

5 

20*3 

1 


tr 40 rf . . 

35 

31*8 

13 

37*1 

3 

15*8 

1 


»» 50 ft • » 

7 

! i 

6*4 1 

4 

11*4 

2 

10*5 

1 


Over 50 „ 

4 

3-6 | 

S 

22*9 

9 

; 47*4 

10 


Totals . . 

i 

110 

100*0 

35 

100*0 

19 

100*0 

13 

100-0 

Animal fat : — 

No intake 

1 35 

31*8 

1 

2*9 

2 

10*5 

1 

7*7 

Up to 10 g, , . 1 

| 69 

62*7 

19 

54*3 

4 

21*1 

0 

. • 

„ 20 „ .. 

4 

3*G 

9 

25*7 

5 

26*3 

1 

7*7 

t» 50 ,, , , 

2 

1*8 

5 

14*3 

7 

36*8 

8 

61*5 

Over 50 „ 

•« 

•• 

1 

2*9 

1 

5*3 

3 

23-1 

Totals . . 

110 

99*9 

35 

100*1 

19 

100*0 

13 

100-0 
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THE COURSE OF EXCRETION OF ASCORBIC ACID IN 
URINE AFTER ITS INTAKE IN 
LARGE DOSES. 


BY 

N. M. BASU, 

AND 

G. K. RAY. 

( Inquiry under the Indian Research Fund Association.) 

(From the Physiological Laboratory, Presidency College, Calcutta.) 

[Received for publication, December 4, 1939.] 

This investigation was undertaken to find out (a) what percentage of the 
total excess excretion in 24 liours, after an excess intake of ascorbic acid, is 
given out in the first period of 12 hours and in the following period, ( b ) if there 
is any relationship between the excretions in these two periods and the total 
excess excretion in the whole day, which generally indicates the state of satura- 
tion of the body, and (c) fluctuations if any in the total excess excretion of the 
vitamin from day to day after the daily intake of an excess of ascorbic acid. 

Method. 

The estimation of vitamin C in urine was made by the usual method with 
the indophenol dye. Standardized tablets of ascorbic acid were given to the 
experimented persons, as supplements. 

Results. 

Tables I, II, and III give the results of experimental studies with regard to 
points (a) and (6). 

Table I relates to a subject R. K. Iv. who was in a very low state of satura- 
tion, as is evident frorn a slight increase in the percentage excretion after the 

( 907 ) 
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Excretion of Ascorbic Acid in Urine , 


intake of 3,000 mg. of ascorbic acid (viz., from 2 per cent to 18'49 per cent). 
The ratio between the excretion in the two periods of a day is found to be 
nearly 60 to 40, the excretion in the first period rising with a higher state of 
saturation of the body. 

Table X. 


Percentage oj excess excretion of vitamin G in different periods ajler the intake 

oj a test dose by different persons. 





Amount excreted 

Percentage of 


CO 



EXCLUDING NORMAL 

EXCRETION OF 

Percentage of 

<? 


Amount of 

AVERAGE EXCRETION, 

VITAMIN G ABOVE 

total excess 



intake of 

MG. 

NORMAL EXCRETION. 

excretion in 24 

O 

Subject. 

vitamin C, 


1 



hours after an 

Ch 

o 


mg. 





excess intake of 




1st 

2nd 

1st 

2nd 

vitamin C. 

£3 

0 



12 hours. 

12 hours. 

12 hours. 

12 hours. 



1 


1 


1 



1 

\ 

( 

coo 

14-G 

10-0 

GO-O 

40-0 

2*0 

2 



500 

14*0 

8-S 

Gl*4 

38*G 

1*6 

3 



500 

10*47 

7-f) 

5S-3 

41-7 

0‘G5 



l It. K.K. 







4 



500 

12-5 

7-5 

G2-5 

37 Ti 

4*0 

5 



500 

) 









V 58-GG 

33-8 

G3-4 

36*6 

18*49 

G 

J 


500 

J j 






Table II. 


Percentage oj excess excretion oj vitamin C in different periods after the intake 

oj a test dose by different persons. 


Subject. 

Amount of 
intake of 
vitamin C, 
mg. 

Amount excreted 
excluding normal 

AVERAGE EXCRETION, 
MG, 

Percentage of 

EXCRETION OF 
VITAMIN C ABOVE 
NORMAL EXCRETION. 

Percentage of 
total excess 
excretion in 24 
hours after an 
excess intake of 
vitamin G, 

1st 

12 hours. 

2nd 

12 hours. 

1st 

12 hours. 

2nd 

12 hours. 


- 

200 

2-40 

2-2 

52-7 

47-3 

2-3 



500 

Not 

Not 




1 G. K. R. ■ 



examined. 

examined. 



. 


500 

211-8 

77-2 

73-2 

2G-8 

57*8 

] 1 

, ! 500 

( 

172-0 

97-3 

G3-8 

36-2 

53 *S 
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Table III. 

Percentage of excess excretion oj vitamin C in different periods ajter the intake 

of a test dose by different persons. 


Number of days. 

Subject. 

Amount of 
intake of 
vitamin C, 
mg. 

Amount excreted 

EXCLUDING NORMAL 
AVERAGE EXCRETION, 
MG. 

Percentage of 

EXCRETION OF 
VITAMIN C ABOVE 
NORMAL EXCRETION. 

Percentage of 
total excess 
excretion in 24 
hours after an 
excess intake of 
vitamin G. 

1st 

12 hours. 

2nd 

12 hours. 

1st 

12 hours. 

2nd 

12 hours. 

1 




250 ! 

30*0 

23*2 

57-0 

43-0 

21*2 

2 




250 

90*0 

74-9 

54*5 

45*5 

66*0 

3 


• It. N. N. « 


250 

85-7 

69-15 

55*0 

45-0 

61*94 

4 




250 

138-0 

48*5 

74*0 

26-0 

74*6 

5 




50 

44-0 

16*0 

73*0 

27*0 

120-0 


Table II relates to a person G. K. R. who was in a fairly high state of satura- 
tion, although his initial excess excretion after the administration of the supple- 
ment of 200 mg. was very low, viz., 2 '3 per cent. This is evident from the fact that 
after the intake of another 1,000 mg. of ascorbic acid, his total excretion shot up 
from 2 - 3 per cent to 57-8 per cent. In his case the difference in excretion between 
the two periods of a day is not considerable when the excretion was low, but the 
percentage excretion increased in the first period and accordingly diminished in 
the second period, though not proportionally, when the percentage of total excess 
excretion increased. 

Table III relates to a person who was in a still higher state of saturation, for 
his initial excess excretion after the intake of 250 mg. vitamin C was 21'2 per cent 
which abruptly rose to 66 per cent after the further intake of 250 mg. of vitamin 
C. The difference of excretion between the two periods of a day was nearly as consi- 
derable as in the case of the subject R. K. K. of Table I when the percentage of 
total excess excretion was low. This difference increased considerably but not 
proportionately towards the end of the experiment when the percentage of total 
excess excretion increased. 

It is thus obvious that the difference in excretion between the two periods of 
a ay increases, though not proportionally, in a higher state of saturation of the 
ocy, insomuch that in the first period of 12 hours, after the intake of a dose of 
ascorbic acid, a considerably higher percentage of the total excess excretion of the 
ingested vitamin is eliminated from the body. 

P throws a flood of light on point (c). So long as the body is in a low 
srate ol saturation, the course of excretion of the ingested vitamin is more or less 
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even (vide No. 2 in the table). While the body begins to be saturated, the excre- 
tion mounts up, but seldom becomes constant even while the body is saturated 
(vide Nos. 4 and 5). In No. 5 the fluctuation in excretion after the body was 
saturated, was between 78*4 per cent and 92-9 per cent and in No. 4 it was between 
64*1 per cent and 116*6 per cent. In the latter case, the average percentage of 
the last two days’ excretion was 93*2 which is not very different from the percentage 
of excretion during the previous two days. 

After the body is saturated with vitamin with extra high doses, if the intahe 
he suddenly reduced, the percentage of excess excretion is, as a rule, abruptly in- 
creased on the day following the reduced intake (in some cases, the percentage is 
even above 100) and is then lowered (vide No. 7 in Table IV). Kellie and Zilva 
(1939) also got the same result. 


Table IY. 


Variation in the percentage oj excess excretion ajler the daily ingestion oj a supple- 
ment oj vitamin C. 



No. 

1. S. It, 

M. 

No. 2. I\ It. 

K. 

til 

s- 

•v 



Percentage of 
excretion of the 



i Percentage of 
excretion of the 

o 

Supplement 

Total 

daily ingested 

Supplement of 

Total 

daily ingested 

u 

of ascorbic 

excretion, 

supplement of 

ascorbic acid, 

excretion, 

supplement of 

3 

acid, mg. 

mg. 

vitamin exclud- 
ing normal daily 
excretion. 

mg. 

mg. 

vitamin exclud- 
ing normal daily 
excretion. 


Nil 

19*1 


Nil 

5*0 


1st 

Lemon juice 
40. 

22-8 

*7*4 

Orange juice = 
105. 

13*8 

*7*79 

2nd 

Orange juice 
= 72. 

30*9 

24-5 

do. 

13*5 

7*5 

3rd 

do. 

02*4 

59*75 

do. 

Not examined. 

4th 

do. 

54*0 

48*1 | 

do. 

12*2 

C-27 

5th 

do. 

80*0 

84*0 

do. 

14-0 

7*9 

Gth 

Nil | 

47*0 

28 mg. excreted 
in excess of 
normal daily 
excretion. 



- 

7th 


j 





8th 



i 


, 


9th 







10 th 


| 





11th 


. * 





12 th 







13th 







14 th 







15th 







10th 







17th 

i 

* * 

* * 


* * 
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Table IV — contd. 



No. 

3. G. K. 

R. 

No. 

4. N. K. 

G. 

w 

% 



Percentage of 
excretion of the 



Percentage of 
excretion of the 


Supplement 

Total 

daily ingested 

Supplement of 

Total 

daily ingested 

u 

of ascorbic 

excretion, 

supplement of 

ascorbic acid, 

excretion. 

supplement of 

o 

& 

a 

3 

acid, mg. 

mg. 

vitamin exclud- 
ing normal daily 
excretion. 

mg. 

mg. 

vitamin exclud- 
ing normal dail}' 
excretion. 

..... 


Nil 

11-8 

Normal 

Nil 

11*8 

Normal 

1st 

500 crystalline 
vitamin C. 

100 

17*7 

Orange juice = 
168. 

11*5 

No excess 

excretion. 

2nd 

do. 

236*4 

44-9 

do. 200 

11*5 

do. 

3rd 

170 crystalline 
v it am In C 
+ pineapple 
containing 
330. 

369 

71*4 

do. 

13*0 

0*6 

4th 

500 crystalline 
vitamin C. 

546*0 

106-8 

do. 

19-45 

3*8 

5th 


•• 


do. 

21*5 

4*8 

Gth 

• * 

•• 


Nil 

10*4 

Nearly normal. 

7th 

** 



i 

Orange juice = 
200. 

26*6 

7*4 

8th 

•• 



do. 

69*0 

28*6 

9th 

•• 



do. 

90*0 

39*1 

10th 




Vitamin C tab- 
lets = 200. 

140*0 

64*1 

11th 

•• 



do. 

148*0 

68*1 

12 th 

•• 



do. 

Not 

examined. 

12th 



i 

do. 

190*0 

89*1 

14 th 




do. , 

190*0 

89*1 

15th 




do. 

Not 

examined. 

lGth 


•• 

• - 

do. 

245-0 

116-G 

17th 

•• 

•• 


do. 

151-4 

69*8 
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Table IV — contd. 



No. 5. P. K. 

B. 

No. 

6. K. P. 

P. 

Number of days 

Supplement 
of ascorbic 
acid, mg. 

Total 

excretion, 

mg. 

Percentage of 
excretion of the 
daily ingested 
supplement of 
vitamin exclud- 
ing normal daily 
excretion. 

Supplement of 
ascorbic acid, 
mg. 

Total 

excretion, 

mg. 

Percentage of 
excretion of the 
daily ingested 
supplement of 
vitamin exclud- 
ing normal daily 
excretion. 


Nil 

10-5 

Normal 

Nil 

19*0 

Normal. 

1st 

Orange juice 
« 200. 

14-85 

2*1 

500 tablets 

10*8 

Below normal. 

2nd 

do. 

35*69 

12*5 

do. 

Not 

examined. 

3rd 

do. 

92*4 

41*0 

do. 

138*8 

23*9 

4th 

do. 

167*4 

78*45 

do. 

300*0 

56-2 

5th 

do. 

170*4 

79*9 

do. 

220-0 

40*0 

6tli 

do. 

188*4 

88*9 

do. 

207*2 

37*6 

7th 

do. 

172*0 

80*75 

do. 

276*4 

51*5 

8th 

Vitamin C 
tablets = 200. 

168-4 

78*9 

do. 

238*0 

44*0 

9th 

do. 

172*4 

80*9 

•• 

•• 

*• 

10th 

do. 

Not 

examined. 



•• 

11th 

do. 

196*4 

92*9 

•* 

•• 

•• 

12th 

do. 

184*4 

86*9 

•• 

•• 


13th 

Nil 

14*S 

Nearly normal. 

•• 

•• 

*• 

14th 

99 

Not examined. 


•• 

•• 

loth 

99 

14*8 

Nearty normal. 


•• 

# • 
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Table IV — concld. 



No. 7. A. K. 

t. 

D. 

No. S. B. D. 

CD 

& 



Percentage of 
excretion of the 



Percentage of 
excretion of the 

tM 

Supplement 
of ascorbic 

Total 

daily ingested 

Supplement of 

Total 

daily ingested 

o 

excretion, 

supplement of 

ascorbic acid. 

excretion. 

supplement of 

o 

X 

E 

2 

fc 

acid, mg. 

mg. 

vitamin exclud- 
ing normal daily 
excretion. 

mg. 

mg. 

vitamin exclud- 
ing normal daily 
excretion. 


Nil 

11*0 

Normal 

Nil 

2*4 

Normal. 

1st 

500 tablets 

147-2 

27-2 

500 tablets 

3-5 

Slight increase 
in excretion. 

2nd 

do. 

283-2 

34-4 

do. 

3-0 

do. 

3rd 

do. 

300-0 

57-S 

do. 

Not examined. 

4th 1 

do. 

Not examined. 

do. 

150-0 

30*0 

5th 

do. 

; 378-2 | 

73*4 

200 

118*0 

59*0 

6th 

200 

Not examined. 

200 

i 

76-35 

38-0 

7th 

I 

200 

218*6 | 

103-8 

200 

125*0 

62-0 

8th 

50 

80*4 

138*8 

200 

128-0 

64*0 

9th 

50 

38*0 

54-0 

200 

Not examined. 

10th 

50 

34-0 

46-0 

200 

162*0 

| S1*0 

nth 

« « 

. . 

. • 

200 

Not examined. 

12th 

. . 

. . 

* • 

200 

160*0 

80*0 

13th 

•• 


•• 

200 

' 161-8 

Sl'O 


Sometimes the course of excretion may he very miicli affected by a particular 
food. Tims, the intake of cabbage by R. N. N. [vide Table I, Basu and Ray (1940) 
this issue] always caused a large increase in the percentage of excretion of vitamin 
C often beyond 100 per cent. Musulin el al. (1938) also noticed a similar 
marked rise in excretion of vitamin C after the intake of oats and some other 
substances. 

An important fact that has clearly emerged out of examination of Nos. 3, 4, 
5, 6, and 7 in Table IV, is that the initial low excretion of ascorbic acid is not an 
index to the state of unsatuTation of his body. This has also been referred to in 
the previous paper of the present authors (Basu and Ray, loc. cit.). 

Discussion. 

These experiments bring out very clearly that the excretion of ascorbic acid 
in urine, after the intake of a large dose, is dependent, as has been observed 
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previously by various workers, upon tlie state of saturation of the person 
(cf. Tables I, II, and III). When the body is saturated, it is expected there 
would be an equilibrium between the intake and output of vitamin C. The 
experimental results given in Table IV show that this* is rarely attained. The 
record of B. D. (No. 8 in the table) is unique, for this is the only case in which 
the equilibrium has been attained on four consecutive days. In the case of 
P. K. B. (No. 5 in the table) the percentage of excess excretion shows that 
although his body was saturated from the fourth day, yet there was no 
equilibrium between the intake and output even up to the 12th day of the 
experiment which was then stopped. The case of N. K. G. (No. 4 in the table) also 
leads to the same conclusion. A noteworthy point in this case is that the 
excretion suddenly mounted up above 100 per cent on the 16th day and came 
down on the next day, so that the average excretion of those two days is not 
very different from that on the 13th or on the 14th day. Howley et al. (1936) 
also noticed similar abrupt changes in excretion during saturation of a person 
with vitamin C. 

When the body is not saturated, the excretion of vitamin C after even a large 
dose is either not increased at all or only very slightly ( vide No. 2, first three days 
in No. 4, and first two days in No. 8 of Table IV). This has also been observed by 
various workers. The course of increase in blood-ascorbic-acid after the intake 
of a heavy dose under conditions of saturation and unsaturation of the body 
requires to be investigated. Like the blood-sugar curve, the blood-ascorbic-acid 
curve may throw a flood of light on the ascorbic-acid content and metabolism in 
the body. 

The percentage of excretion of ascorbic acid after the ingestion of a heavy 
dose is generally somewhat greater in the period following the intake than in subse- 
quent periods, but it is particularly so when the body is saturated. 

After the intake of a heavy dose the rate of absorption of vitamin’ C from the 
alimentary canal would be much greater in the first period on account of its very 
high concentration therein than in subsequent periods when the concentration would 
be gradually reduced owing to previous absorption. In consequence of this, the 
ascorbic acid concentration in the blood and accordingly the urinary excretion 
would be much greater in the first period than in subsequent periods. 

If the tissues, however, remain unsaturated, they absorb with avidity a portion 
of the excess of ascorbic acid from blood, the greater the absorption the more unsatu- 
rated the tissues are. Consequently tlie urinary excretion in this period does not 
follow the rate of absorption from the alimentary canal, but depends on the rate 
of absorption by the tissues. In later periods after the intake of the vitamin, 
although the rate of absorption from the alimentary canal is reduced, tlie absorp- 
tion by the tissues also diminishes, as they are then more saturated than before. 
Accordingly it is noticed that wdien the tissues are unsaturated, the difference in 
excretion between the first period of twelve hours and the subsequent period is 
not great. When the tissues are more or less saturated, they would naturally 
withdraw a very small amount of the vitamin from blood. In such circumstances, 
the urinary excretion follows the rate of absorption of the vitamin from the 
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alimentary canal, the more closely the greater the saturation of the tissues. This 
is the reason why the percentage of urinary excretion of the vitamin after its 
intake' is greater in the first period than in the next, when the tissues are 
more or less saturated. 


Summary. 

The manner of excretion of the vitamin after its intake in heavy doses was 
studied and it was found that a higher percentage of the total excess output of the 
vitamin in the day following the intake was given out in the first period of 12 hours, 
this percentage rising with an increase in the total excess output, i.e., with the 
attainment of a higher state of saturation of the body. It was also noticed that 
the excretion of the vitamin rarely becomes constant and never becomes equal 
to the amount ingested even when the body is apparently completely saturated. 
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The role of vitamin C in various phases of human nutrition is well known. 
Its importance as a respiratory carrier is receiving attention. Its use in increasing 
resistance to rheumatism and respiratory diseases lias been discussed (Harris, 1937). 
It may have a specific function in stimulating the growth of formative cells in 
general (Harris, loc. cit.). The complement titre value and the vitamin-C con- 
tent of serum are found to run parallel (Editorial ; Jour. Amer. Med. Assoc., 1938). 
In consideration of these properties of vitamin C its intake by a community and 
the state of saturation with this vitamin of persons belonging to the community 
require attention, especially in view of the fact that in the sub-optimal condition 
of nutrition the various prominent symptoms of deficiency of this vitamin do not 
appear. 

The present inquiry was therefore undertaken (a) to assess the state of satura- 
tion with respect to vitamin C of middle-class Bengali boys, (b) to find out the 
optimum requirements of this vitamin under prevailing conditions of dietary habits 
entirely different from those of the people of Europe and America, and (c) to dis- 
cover whether the average normal urinary excretion gives any sure indication of 
the extent of saturation of the body. 

In the present paper detailed observations have been made on the state of 
saturation of selected boys and on the correlation of the state of saturation with 
the initial urinary excretion. The optimum requirements will be discussed in a 
future communication. 
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Method. 

The method followed in this inquiry is a modification of that of van Eekelen 
(1933) and Johnson and Zilva (1934) and is as follows : — 

(i) The average output of free and total ascorbic acid excreted in the urine 
in 24 hours was determined. The previous investigators determined only the output 
of free ascorbic acid in studies of this nature. Ascorbic acid taken with food may 
he excreted partly as ascorbic acid, or partly as de-hydro ascorbic acid in urine. 
Further, urine contains also combined ascorbic acid. The excretion of all these 
different forms of ascorbic acid has, therefore, been ascertained in some cases under 
normal conditions and after the ingestion of definite amounts of ascorbic acid so 
as to find the correlation, if any, between them. 

(it) The subject was then given daily supplements of ascorbic acid, either in 
the form of the juice of fruits rich in ascorbic acid or as standardized tablets of the 
vitamin, prepared by Hoffmann la Roche. The excess excretion of the vitamin 
was ascertained daily by deducting his normal average excretion from the total 
excretion of vitamin C. The administration of the supplement was in the case 
of certain persons continued till the percentage of excess excretion above normal 
either became more or less constant (vide B. D., R. A., A. K. D., and P. K. B. in the 
Graph) or rose to 60 or higher up of the ingested amount (vide R. N. N., K. P. P., 
G. K. R., S. R. M., and N. K. G. in the Graph). These persons are then said to 
have arrived at the upper limit of saturation of their bodies with vitamin C. In 
other cases the administration was continued till the percentage of excess excretion 
came up to 30 or slightly more than that (vide R. K., P. K., A. R., M. H. C., and 
A. A. in the Graph). These people, according to Youmann (1937), reached the 
lower limit of saturation of their bodies with the vitamin. The diet of the 
subject under investigation remained, as far as possible, constant diming the 
course of the experiment. 

(iii) The total amount of ascorbic acid ingested as a supplement by a subject 
during the period of experiment minus the sum total of the excess excretion during 
the same period gives the amount of ascorbic acid required by him to arrive at the 
upper limit of saturation of his body with vitamin C in the former case or at the 
lower limit of saturation in the latter case. 

The determination of ascorbic acid in urine by Tillmann’s dye presents certain 
difficulties, for urine contains, besides ascorbic acid, other substances which 
also reduce this specific dye. To overcome these obstacles Ferrand et al. (1937) 
suggested treatment of the urine with Norite charcoal which, according to them, 
oxidizes specifically ascorbic acid and no other reducing substance present in urine. 
The present authors compared the oxidation of urine by Norite with that by 
hexoxidase prepared from drumstick juice according to Srinivasan’s method 
(1937) but could not substantiate Ferrand’s claim of specific oxidation of 
urinary ascorbic acid by Norite. 

Ferrand et al. (loc. cit.) also suggested the determination of urinary ascorbic 
acid after precipitation of the other reducing substances by Hg acetate. As these 
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other reducing substances in normal urine are generally very small in amount 
this devious method has not been adopted. 

Graph, 

The percentage of excess daily excretion in urine following the ingestion of a supplement 

of vitamin 0. 
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The estimation of de-hyclxo ascorbic acid was made by the usual technique. 
The combined ascorbic acid was estimated as follows : — 

A definite volume of urine was boiled for 10 minutes in a flask (fitted up with 
a reflux condenser) in a current of B2S. Boiling releases ascorbic acid from its 
combination. The presence of H2S prevents the aerobic oxidation of both- the 
pre-existing and released ascorbic acid. Tt further reduces the de-hydro ascorbic 
acid to ascorbic acid. The passage of H 2 S was continued for five minutes after 
boiling was stopped. IMS was then expelled by the passage for about half an hour 
of a strong current of CO2. The urine was then titrated with the standardized 
solution of 2 : 6 di-chlorophenol-indophenol. The titre value gives the sum total 
of free, de-hydro and combined ascorbic acid. 

Another aliquot portion of an equal volume of the same sample of urine was 
subjected to a current of H2S for 15 minutes, for the reduction of the de-hydro acid 
to free ascorbic acid. H 2 S was then expelled as before. The urine was then titrated 
with the dye solution. The titre value gives the sum total of free and de-hydro 
acid. On deducting the latter value from the former, the amount of combined 
ascorbic acid was obtained. 

In estimating de-hydro ascorbic acid or combined ascorbic acid, H2S was not 
passed through urine for more than 15 minutes, as Mack and Tressler (1937) have 
shown that prolonged treatment with H2S causes the production of a considerable 
amount of reducing substances (other than ascorbic acid) in the urine. When 
these appear in the urine in sufficient amount, they are to be precipitated by 
Hg acetate or better still by Ba acetate, before the estimation of ascorbic acid by 
the dye solution is done. 

The specimen of urine was collected in the course of the whole day and night 
for these experiments in bottles containing sufficient glacial acetic acid and 
M-phosphoric acid so as to make 10 per cent and 3 per cent concentrations, 
respectively. Toluol was also added to form a continuous layer on the surface. 
Although the loss of ascorbic acid in urine, collected in H2SO4 so as to make a 5 
per cent concentration, is found to be much less than when collected in acetic 
acid and M-phosphoric acid, yet the former method of collection was not 
adopted in these experiments for the following reasons : — 

Before the urine bottles were given out, sufficient amounts of preservatives 
used to be kept, for the sake of convenience of the subjects, in those bottles so as 
to make the requisite concentration of the acids when 24 hours' urine was collected 
therein. If the preservative used be H2SO4, the amount of pure sulphuric acid 
to be kept in the bottle beforehand would be about 75 e.c., so as to make the 
requisite 5 per cent concentration when 24 hours’ urine (which generally amounts 
to about 1,500 c.c.) is collected. When urine is first passed in such a bottle 
containing 75 c.c. sulphuric acid, the concentration of sulphuric acid is so 
high that the organic substances of the urine are partially charred. Conse- 
quently, the urine becomes dark in so much that the end-point in the course 
of the titration with Tillmann's dye cannot be properly detected even with 
a comparator. 
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Results of experiments. 

(i) The normal urinary output of vitamin C in 24 hours. 

The normal daily urinary output, of free and total ascorbic acid of 17 
boys was estimated. Five of these boys, viz., (1), (2), (3), (4), and (7), in Table III, 
were taking fruits or vegetables or both during the course of the experiment. 
Excepting these five boys, all the others had an average daily output of less than 
15 mg. of total ascorbic acid, and a majority of them had an output of less than 
10 mg. per day with the minimum figure of 2'4 mg. If the excretion of free ascor- 
bic acid be considered, as was done by other workers, then the output is still less, 
the minimum figure being F5 mg. per day. Harris and Ray’s (1935) figures vary 
from 15 mg. to 30 mg. and Villela (1937) found an average of 15 mg. amongst the 
poor of Rio. In comparison with these figures those for Bengali boys who are 
living in Calcutta hostels and families and who may, therefore, be considered to be 
richer than students coming from rural areas, are much lower, showing thereby 
that they are in a much lower state of saturation than even the poor of Rio. 


(ii) The excretion of de-hydro and combined ascorbic acid. 


The excretion of these different forms of ascorbic acid in relation to free ascorbic 
acid was studied in detail in the case of three students. The results obtained with 
these students have been given in Tables I and II. 

In Table I, the extract means a soup prepared by the prolonged boiling in 
water of tomato, beans, cabbages, etc. The subject was taking this soup during 
the course of the experiment, unless requested not to do so. This soup contained 
a large amount of ascorbic acid which is not completely destroyed in spite of pro- 
longed boiling. This is evident from the fact that his average daily normal urinary 
excretion of vitamin C without extract was 28 mg., but with extract 100 mg. 

Although cabbage is reported to contain combined ascorbic acid, the soup 
was free from it, probably because the whole of it was broken up on account of 
prolonged boiling. The subject, therefore, was not having any combined ascorbic 
acid. 


The features to be noted in this table are : — 


(a) The urine was free from de-hydro and combined acids almost throughout 
the whole period of the experiment. 

[b) Although the amount of ascorbic acid voided in the urine was 100 mg. per 
day, when he was taking the extract, after the administration of large doses 
of vitamin C in the form of pine-apple juice for several days, the percentage of excess 
excretion did not exceed 60. 


(c) After the administration of cabbage extract as supplement, it was found 
each time, excepting on the last occasion when he was suffering from fever, that 
the excretion of the vitamin was much higher than the intake. 

It seems therefrom that cabbage causes a washing-out of the vitamin from 
the body. Musulin ct al. (1938) have recently shown that oats, unsaponifiable 
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matter from oat-oil or the volatile fraction from halibut-liver oil causes a marked 
rise in excretion of vitamin C per day. 

The average urinary output per day of free and total ascorbic acid of S. R. M. 
(Table II) was 10 - 72 mg. and 19'0 mg., respectively. His body was in a fairly high 
state of saturation, for he required only 337 mg. of ascorbic acid to attain complete 
saturation {vide Table III). The study of ascorbic-acid metabolism of his body 
brings out the following important points, as will appear from the table : — 

(a) After the continued administration of the supplement of vitamin C in the 
form of orange juice (which is free from combined ascorbic acid) the excretion of 
free ascorbic acid rose and then remained more or less constant. 

(b) The excretion of combined ascorbic acid became very high, viz., six times 
the normal amount and of de-hydro ascorbic acid nearly three times the normal 
amount.. 

(c) There is no proportionate relationship between the excretion of free ascorbic 
acid and the other forms of ascorbic acid. 

The subject B. K. D. (Table II) normally excreted 41 mg. of free ascorbic acid 
only (de-hydro and combined ascorbic acid being absent). His body was in a high 
state of saturation as is proved by the fact that after the administration of pine- 
apple juice containing 385 mg. of ascorbic acid, the percentage of excretion of his 
excess intake was nearly 60 on the first day. The excretion of de-hydro and com- 
bined acid, curiously enough, jumped up on the second day, then went down and 
became more or less constant on other days, and showed no relationship to the 
output either of free or total ascorbic acid. The constancy of excretion is greater 
in the case of de-hydro than in the case of combined acid. 

It would be noticed that of the three subjects whose excretion of de-hydro and 
combined ascorbic acid was determined, two, viz., R. N. N. and B. K. D. (Tables 
I and II), passed urine containing normally only free ascorbic acid. The urine 
of S. R. M. (Table II) contained besides free ascorbic acid other forms of ascorbic 
acid as well. R. N. N. was given large doses of pine-apple juice and then cabbage 
extract. His body became saturated with vitamin C, but there was no excretion 
of de-hydro and combined acid at any stage. B. K. D. was also given pine-apple 
juice, but in his case both these forms of ascorbic acid appeared in the urine on the 
ingestion of this juice, and did not disappear after its discontinuance, even when 
the excretion of total ascorbic acid became very low. Further, there was no rela- 
tionship between the excretion of these forms of ascorbic acid and the total ascorbic 
acid or free acid. In the case of S. R. M., after the administration of orange juice 
which contains only free ascorbic acid, the excretion of combined ascorbic acid 
rose more or less generally with the excretion of total ascorbic acid, but the 
excretion of de-hydro acid did not bear any relationship to the excretion of total 
acid. Thus, these studies did not throw any light on the excretions of these two 
forms of ascorbic acid, excepting that possibly there is no relationship between 
their excretion and the excretion of free ascorbic acid. 

From Table II, it would be found that the ratio of de-hydro to free ascorbic 
acid lies between 0 - 05 and 0*4, but according to Bruno and Giuseppa (1937) it lies 
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between 0 - 08 and 0*7. The ratio of combined ascorbic acid to tbe free acid lies 
between 0'05 and 1-0, but if tbe values of combined ascorbic acid excreted by 
S. R. M. on tbe fourth and sixth days be rejected as being abnormally high, then 
tbe range of tbe ratio is between 0*05 and 0*66 which closely resembles that of tbe 
de-bvdro to free ascorbic acid. 

The abrupt fall of excretion of these different forms of ascorbic acid in the 
case of B. K. D. as shown in Table II on the ninth day was due to the fact 
that the subject who had been taking a constant amount of certain fruits all 
throughout the experiment, even when the supplement was given to him, 
suddenly stopped taking them. 


(Hi) The state of saturation of Bengali hoys. 

The results of experiments are given in Table III. Four Mohammedan 
boys, two laboratory bearers, and eleven Hindu boys, were examined. None of 
them showed any signs of scurvjq although some of them were in a very low 
state of saturation with this vitamin. The maximum deficit amongst the persons 
examined was 3,247 mg., i.e., much lower than 5,000 mg., when definite symptoms 
of scurvy are said to appear (Gander et al., 1936). Analysis of the results 
summarized in the table reveals the following interesting points : — 

(i) Persons excreting daily in urine more than 40 mg. of ascorbic acid are 

either completely or nearly completely saturated with the vitamin 
(vide subjects 1 and 2). 

(ii) Persons excreting daily less than 30 mg. of ascorbic acid are in various 

degrees of saturation and no proportional relationship exists between • 
the excretion of ascorbic acid in the urine and the state of saturation 
of the persons. Thus, the subject A. R. (No. 13), having an excre- 
tion of only 4 mg. of total ascorbic acid (or 2-5 mg. of free ascorbic 
acid), required 1,664 mg. to arrive at the lower state of saturation 
of the body, whereas the subject M. IT. C. (No. 14), with an 
excretion of 3 mg. of total acid or 2 '3 mg. of free acid, required 
3,219*6 mg., i.e., nearly double the former amount, for arriving at 
the same state of saturation. Again, R. K. (No. 10), having an 
excretion of 14-7 of total ascorbic acid, i.e., nearly five times the 
excretion of No. 14, needed 3,247 mg., i.e., a little more than the 
amount of ascorbic acid required by the latter for arriving at 
nearly the same state of saturation. 

(Hi) Persons excreting less than 10 mg. of total ascorbic acid required, as a 
rule, more than 2,000 mg. to arrive at a lower state of saturation of 
the body. 

(iv) Of the 17 persons examined, two were saturated, two were nearly 
saturated, for they required less than 500 mg. to arrive at the higher 
state of saturation, one needed a little over 500 mg. for full saturation 
and all the others required over 1,000 mg. for arriving at the 
saturated condition. Amongst the last group of 12 persons nearly 
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seven (including the subject No. 9 whose body may he taken to be 
very deficient in vitamin C, as he showed a very slight increase in 
urinary excretion after the ingestion of 525 mg. of vitamin C) required 
over 2,000 mg. for arriving at the lower state of saturation of the 
body with the vitamin. It may. therefore, be mentioned that over 
70 per cent of the subjects examined (i.e., 12 persons out of 17 
examined) are in an unsaturated condition with regard to this 
vitamin. 

(v) The urinary output of ascorbic acid became generally normal about 
24 hours after the supplement was stopped. 

In ascertaining the amount required to arrive at the higher state of saturation 
of the body it was found that the percentage of excretion of the excess intake of 
the vitamin suddenly jumped up from a lower figure to nearly 60 per cent or much 
above it and that although it fluctuated within a wide range in some cases, 
the average excess excretion during saturation was more or less constant in all such 
cases in which the excess intake was maintained for a number of days (cj. Graph). 
In two of these cases, viz., those of B. D. and P. K. B. (Nos. 15 and 6 in Table III), 
the excretion may be said to have been remarkably constant. In some of these 
cases the excess excretion suddenly mounted up on a day and went down to a 
sufficiently lower figure on the following day so that the average excretion 
remained nearly constant (vide N. K. G. and It. K. in the Graph). 


Table I. 


Variations in the ascorbic jicid excretion in urine after its ingestion in different 

doses ( subject — R. N. N.). 


ExcnmoK or vitamin C in mo. 


Supplement. 


1 

2 

3 

4 

5 


Nd 

(without extract). 

Nil 

(with extract). 

Pine- apple ~ 260 mg* of 
ascorbic acid. 

do. 

do. 


Free. 

De-hydro. 

Combined. 

Total. 

2S 

Nil 

Nil 

28*0 

00 

10*0 

Nil 

100*0 

226 

Nil 

Nil 

226*0 

258 

Nil 

Nil 

258-0 

240 

Nil 

Nil 

249-0 


Percentage of 
excretion of the 
daily ingested 
ascorbic acid 
excluding normal 
daily excretion. 

Amount of total 
! excretion of 

: ascorbic acid 

i excluding normal 
daily excretion. 

/ 

47-2 

126-0 

59-2 

158-0 

55-8 

| 149-0 








Number of days. 
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6 

7 

S 

9 

10 

11 


12 


13 


14 


IS 


10 

17 


IS 



Excretion 

OF VITAMIN C IN MO. 

1 

Percentage of 
excretion of the 
daily ingested 
ascorbic acid 
excluding normal 
daily excretion. 

Amount of total 

Supplement. 

Free. 

De -hydro. 

Combined. 

Total. 

excretion of 
ascorbic acid 
excluding normal 
daily excretion. 

Pine-apple = 26G mg. of 
ascorbic acid. 

175 

Nil 

Nil 

175*0 

2S*1 

75-0 

Nil 

95 

(Normal) 

Nil 

Nil 

^ 95-0 

1 

• ‘ 

Cabbage containing free 
= 36*9 nig. and total 
59*0 mg. vitamin 0. 

138 

Nil 

1 Nil 

! 

13S-0 

G4*4 

3S-0 

Cabbage containing total 
ascorbic acid = 34 mg. 

206 

Nil 

Nil 

206-0 

Abnormally 

large. 

IOG'0 

i 

Nil 

1 

84 

(Below normal) 

Nil 

Nil 

1 

: i 

i 

S4-0 

•• 

•• 

Cabbage (free — 36*0 mg. 
and total = 50*6 mg. 
ascorbic acid). | 

13S 

Nil 

Nil 

\ 

13S-0 

7G 

38*0 

Nil 

27G 

(Abnormally 

high) 

Nil 

Nil 

% 

27G - 0 

1 

** 

170*0 

Nil 

(stopped taking the 
extract). | 

191 

(Abnormally 

high) 

Nil 

Nil 

191-0 

i 

• • 

1G3*0 

Nil 

j 

11S 

(Abnormally 

high) 

Nil 

1 

Nil 

118-0 

i 

•• 

90*0 

Nil \ 

i 

30 

(Approximate- 
ly normal) 

Nil 

Nil 

30-0 

•• 

• * 

Cabbage ~ 9G*3 mg. of 
ascorbic acid. 

13G 

Nil 

Nil 

136-0 

}Iore than 100 

10S-0 

Nil 

32 

(Almost normal) 

Nil 

I 

Nil 

32-0 

•• 

4*0 

Cabbag^ = 23*5 mg. total 
ascot bic acid. 

1G 

A T i7 ! 

A 7 t7 

16-0 

i Below normal 

i , 

L 

• * 
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Discussion. 

(i) The normal daily urinary output of vitamin G oj middle-class Bengali hoys. 

It lias been shown previously that the average daily output of middle-class 
Bengali boys is much lower than either Harris’s (loc. cit.) or Villela s (loc. cit.) 
figures. In the case of some of these boys the output was very low, e g., m one 
case the output of free ascorbic acid was only 1-5 mg. per day, a value which 
was obtained by Cohen and Nisenson (1937) and others in cases of scurvy. 

The subject B. D. whose excretion was lowest, although apparently healthy, 
had bleeding gums and dental caries and was suffering from pyorrhoea. Never- 
theless, not only this subject but also two others, viz., M. H. C. and A. R., whose 
excretion was as low as was noticed by others in patients suffering from scurvy, 
had no definite symptoms of that disease. Naturally, therefore, it is open to 
question whether even a very low urinary output is a definite indication of 
deficiency of vitamin C in the body, especially when it is noticed that these 
three very low vitamin-C-excreting subjects required widely different amounts 
of the vitamin for attaining the lower state of saturation of their body, such as 
1,664 mg. by A. R., 1,850 mg. by B. D., and 3,220 mg. by M. H. C. Their deficit 
is less than 5,000 mg. which, according to Gander et al. {loc. cit.), corresponds with 
declared scurvy. Kellie and Zilva (1939) have recently shown that by reducing the 
daily dose of ascorbic acid from 50 mg. to 30 mg. the urinary excretion of a person 
falls down almost to zero, although the ‘ saturation test ’ shows that he is not far 
removed from it. In discussing the relationship of the low urinary output of 
vitamin C to scurvy, two questions deserve special consideration. The first is 
that if vitamin C is excreted through the sweat, as has been proved by some 
workers (Wright, 1936 ; Bernstein, 1937), the output through the urine is lowered 
and the greater the formation of sweat, the less would be the output through 
urine. In such a case, the urinary output alone of the vitamin cannot possibly 
be an index to its content in the body. The experiments with the above subjects 
of very low urinary output were performed during summer in Calcutta, of which 
the moist heat causes an excessive amount of sensible perspiration and this might 
be the reason why their urinary output was low. The second point is that there 
may be destruction of the vitamin in urine before it is voided, and this destruc- 

tion may be considerable when the urine is neutral and more so when it is alkaline 
(Hawley, 1936). 

{ii) Excretion of de-hydro and combined ascorbic acid. 

Hi discussing this point, evidences have been adduced to show that the excre- 
tion of these substances is not apparently connected with the output of free ascorbic 
acid and, therefore, with the ascorbic acid metabolism. 

Summary. 

acid of ad , d ” d ‘^ascorbic 



930 Average Urinary Output and Saturation with Vitamin C. 


acid being 1*5 mg. per day. Excepting five boys who were taking fruits during 
the course of the experiment, all the others had an excretion of total ascorbic acid 
of less than 15 mg. per day, and of free ascorbic acid of less than 13 mg. per day. 
In spite of such a low daily output of vitamin C symptoms of scurvy could not be 
detected in any case. 

2. The excretion of de-hydro and combined ascorbic acid of some of these 
boys was ascertained and compared with that of free ascorbic acid both under normal 
conditions and during a period of excess intake of vitamin C. It was found that 
the excretion of the former has no apparent relationship to that of the latter, but 
that when all three are excreted in the urine, the ratio of de-hydro to free ascorbic 
acid and of combined to free acid lies within a certain range which is almost 
similar in both cases. 

3. The state of saturation of these 17 persons was also assessed. It was found 
that, excepting five boys who were taking fruits during the course of the experi- 
ment, all the others required over 1,000 mg. to arrive at a saturated condition of 
the body and six required over 2,000 mg. before becoming saturated. 

In comparing the state of saturation of these persons with their average daily 
output of vitamin C, it was noticed that there is no proportional relationship 
between the average excretion of the vitamin and the state of saturation, unless 
the excretion is above 30 mg. or 40 mg. per day. 
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, J HE P f t P la y ed b 7 the sweat glands in regulating the composition of blood 
plasma under normal conditions is comparatively insignificant in 

that of the kidneys and the lungs; but there are conditions when the eSetoru 

/im\ 0nS "[ T«* * “'S 1 ' 1 have important physiological bearings Moss 

(1923) pointed out that with continued profuse sweating a great loss o/rhln Ji 
takes place resulting m cramps of muscles in the body When til nnL i f o deS 
o the kidney is more or less impaired and there is retent ^Ln of nil / m0tl0n 

g ands may to a limited extent supplement their action in ehmliaZM, 6 
of nitrogen. Pemberton el al. (1929) showed that in f ] Q the ex cess 

nephritis the nitrogen in the sweat is abnormal high mS f CaSes of 
aids m nitrogen excretion. Again, while normallv\™*n ’ ndlc f tlD S that sweating 
in the sweat, it is stated thaf in ' T ° f "" *» ^ 
the functions of the kidneys and excrete urea in oj,il ma ^ assiune some of 
covered with crystals. The sweat glands also 00^1*“° the skin m 

m the regulation of body reaction and protect the kkw" 111 ^ 130 ?^ meclla nism 
he action of large quantities of acids for exposed to 

tr“ ** s^t ls „f d ;~“ 

and living in the 


tropics differs from that obtainSfrom' tho* ^ Warm 
( 931 ) r ° m those k vin g i n 
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temperate climes. Some have gone so far as to say that the natives of the 
tropics have a greater concentration of the sweat glands per unit area than the 
European settlers. 

It- is not unlikely that difference in physical and environmental conditions 
would have some influence on the activity of the sweat glands and will be reflected 
to a certain extent on the composition of the sweat. It is also doubtful whether 
the perspiration induced in a native of a temperate climate by putting him in an 
artificial environment — a hot chamber for instance — will have the same composi- 
tion as that which is produced freely in a native of the tropics. It appeared to us 
to be of interest to determine the composition of sweat amongst Indians with respect 
to some of the principal constituents and compare it with those found by other 
workers in tropical and sub-tropical climates. 


Analysis of sweat samples. 

Reaction . — Conflicting data are reported as to the reaction of sweat. Some 
report it to be allvaline wlien shed, while others have found it to be acid. Heuss 
(quoted by Talbert, 1919) states that while sweat is normally acid on profuse 
sweating, however, it rapidly passes to neutral and finally to alkaline reaction. 
This is apparently confirmed by McConnell and Hougbton (1923) who found 
that perspiration becomes more alkaline as sweating continues. Marchionini 
(1929) states that the combined perspiration collected from a person in a hot-bath 
chamber is invariably acid (pH 4-6 to pH 6b). In severe industrial work in a hot 
environment the reaction on the other hand is reported to be alkaline (pH 7’8 
to pH 8'0). 

Whitehouse (1935) stated that the composition of sweat was considerably 
influenced by substances given off from the general surface of the epidermis. Thus, 
the reaction of samples collected after very careful washing of the skin was 
alkaline (pH 7'2 to pH 7-8 ) ; without this thorough washing the sweat was acid 
(pH 4-4) and this acidity was communicated to the sweat by the skin surfaces. It 
appears therefore that the reaction of the sweat depends to a great extent upon 
the conditions under which the sweat is collected. 

In our experiments the sweat was collected as it was shed, in the majority 
of cases, except in a few where the surface of the skin was rubbed with moist 
linen prior to the collection of sweat. A reference to the Table will show that 
the reaction is mostly on the acid side (pH 4-6 to pH 5-9) and a preliminary 
cleaning of the skin surface prior to the collection of sweat does not make any 
difference in the reaction. 

Chloride content — Widely varying results are also reported with regard to the 
chloride content. Moss {loc. eit.) reported a variation from OTIS to 0-325 per cent, 
Talbert and Haugen (1927), 0-43 to 0-83 per cent, and Barney (1926) from 0-188 
to 0-649 per cent with, an average of 0-31 per cent. McSwiney (1934) as a result 
of very careful experiments has fixed the average value to be 0*37 per cent in males 
and 0"3 per cent in females. These widely-varying results are stated to be due to 
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methods of collection and to a certain extent the chloride excretion may also depend 
upon the temperature. Cuthbertson and Guthrie (1934) observed that increase 
in salt intake had no constant effect on the output of chloride m the sweat but an 
increase of temperature, the chloride intake remaining constant, ^caused an increased 
output of Chlorides. Whitehouse (1931, 1935) found that the chloride concentra- 
tion of the sweat of different individuals varied markedly. In one subject it was 
increased by severe muscular work, but not to the same extent as when the same 
increase in body temperature was produced with the subject at rest. The chloride 
concentration increases but little during the performance of a moderate amount 
of exercise but increases markedly with time when the subject is at rest and perspira- 
tion is due simply to the humidity. 

On referring to the table it would appear that the chloride content calculated 
as NaCI in our series varies from 0'0 73 to 0-844 per cent (average 0-44 per cent). 
There appears to be no significant relation between the chloride content and 
moderate muscular work. The sweat at rest may have a high chloride content, 
while after muscular work it may have low values and vice versa. 

Ammonia, urea-N, etc. — Talbert, Tinkle and Katsuki (1927) reported that 
ammonia-N varied from 5 mg. to 35 mg. per 100 c.e. and there was a correlation 
of 41 per cent between ammonia nitrogen and urea nitrogen of the sweat. 
McSwiney (loc. cit.) found the ammonia-N to vary from 2*55 mg. to 7*0 mg. 
(average 4-7 mg.) per 100 c.c. and the urea-N from 11*10 mg. to 32-92 mg. (average 
21-44 mg.) per 100 c.c. In our experiments the NH 3 -N is found to vary between 
7-5 mg. to 34-2 mg. (average 19-3 mg.) per 100 c.c. and urea-N from 10'4 mg. to 
61-5 mg. per cent with average of 30-6 mg., so that both the ammonia and the 
urea-N figures are somewhat higher than what is reported by other workers. We 
however, were not able to find any correlation between the NH 3 -N and the 
urea-N values. 

The divergence of opinion recorded in the literature as to the H-ion-concen- 
tration, NH 3 -N, etc., can, to some extent at least, be accounted for by the readiness 
with which perspiration is decomposed even at the ordinary temperature bv the 
bacteria normally present in the perspiration. 3 4 


Summary and conclusions. 

. h Ana| y s ® ““Pi* of STOat collected from several healthy Indians ]iyW 
m and around Calcutta show somewhat different values from those obtained bv 
other workers m tropical and temperate climates. a b 7 

2. The reaction of the sweat was invariably found to be acid ft a wrr 

from 4-6 to 5-9 (average 5-05). y acid ’ the P H Var 7^g 

3. The chloride content varied from 0-073 fo n-QAR w 

at 0-387 per cent. t0 0 805 P er cent ™*h an average 

4. The ammonia-N varied from 10-9 mo- cm.o , , 

10-4 mg. to 61-5 mg., per cent ; the average values beine ^ U , rea ' N from 

respectively. 0 aiUes bem § 18 17 mg. and 29-2 mg.. 
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Table. 

Sweat analysis. 


Number 
of cases. 

Ammonia-N mg. 
per 100 c.c. 

Uren-N mg. 
per 100 c.c. 

Percentage 
of Nad! 

value. 

Remarks. 

1 


. , 

0*479 


Sweat at rest. 

2 

• • 

• . 

0*013 


» * • 

3 

. . 

* . 

0*206 


•• 

4 

. . 

* * 

0*206 


•• 

5 

. . 

* . 

0-370 


Rest. 

G 

. * 

• . 

0*370 


After exercise. 

7 

* . 

* • 

0-370 


ff 99 

S 

25-0 

• * 

0*370 


** 

0 

21*7 


0*261 

•• 

«* 

20 

34*2 

31*4 

0*206 


Freshty collected in a dosed room* 

11 

23*8 

24*2 

0*206 


After exercise. 

12 

17-2 

27*6 

0*088 


9> rr 

13 

29*4 

36*3 

0*522 


At rest. 

14 

29*4 

42*1 

0*522 

! 


15 

30*3 

29*2 

0*522 


>> 

16 

11*3 

32*0 

0*196 


After a walk. 

17 

15*1 

Cl -5 

0*414 


At rest. 

IS 

13*1 

50*0 

1 0*206 


j> 

10 

16*12 

31*5 

0*805 

4*6 

if 

20 



0*690 

4*8 

After exercise. 

21 

17*2 

21*9 

0*587 

4*6 

In hot chamber. 

22 

11*9 

27*9 

0*653 

5*1 

After exercise. 

23 

12*5 

29*6 

0*170 

5*1 

After a walk. 

24 

14*3 

j 

| 22*9 

. 0*587 

4*7 

After light exercise. 

25 

7*3 

10*7 

I 0*750 

5*7 

After a walk. 

26 

10*9 

10*4 

0*522 

4*6 

91 99 

27 

17*2 

27*9 j 

i 1 

! 0*630 

4*9 

99 99 


R N. Chopra, A. C. Roy and H. K. Biswas. 
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Number 
of cases. 

Ammonia-N mg. 
per 100 c.c. 

IJrea-N mg. 
per 100 c.c. 

Percentage 
of NaCl. 

pH 

value. 

Remarks. 

28 

18*5 

28*5 

0*414 

5-3 

At rest. 

29 

14*2 

25-0 

0*098 

i 

5-1 

i 

, In a closed room. The skin 
rubbed with moist linen before 
the collection of sweat. 

30 

15*6 ! 

24*4 

| 

0*286 

6-9 

do. 

31 

13*2 

25*2 

0*414 

5-1 

do. 

32 

16*8 

23*2 

0*206 

4-9 

•• 

33 

. • 

•• 

•• 

5-1 

•• 

34 



•• 

5-2 

•• 

35 

1 ’ 


•• 

6-2 

•• 
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In view of the extensive studies which have been made in recent years on the 
chemical and cytological changes in the blood in epidemic dropsy it would appear 
to be opportune to review the present position of our knowledge and to complete 
the information by the presentation of the results of further observations. 

Roy (1927) made a more or less comprehensive investigation into the general 
and biochemical blood picture of persons suffering from epidemic dropsy. He 
found a marked diminution of the number of erythrocytes from that of the normal 
in almost all the cases. The percentage of haemoglobin was also lower and the 
colour index showed marked anaemia of the secondary type. The plasma volume 
was found to be higher and the cell volume consequently lower than the normal, 
pointing to a distinct hydraemic condition of the blood. The non-protein nitrogen, 
urea and creatinine content of the blood did not show any pathological deviation. 
The only abnormality suggesting retention of nitrogenous metabolites is the high 
figure obtained in the uric-acid values. Roy doubts whether this apparent increase 
really represents an actual increase in the uric-acid content. 

The usual diet of Bengalis, as compared with Europeans, is relatively poor 
in purin bodies. One would, therefore, expect rather lower values in the uric-acid 
content, but much higher values are obtained even in severe cases. The absence of 
renal involvement on a relatively poor purin diet and absence of any data suggesting 
an extensive break-down of the nuclear materials of the body cells, Roy observes^ 

( 937 ) 
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make it very difficult to decide if tlie figures obtained really represent uric acid. 
A marked reaction for indican in the nrine is a common feature of the disease. 
Roy suggests that a part of the phenols formed by the putrefactive changes of 
proteins in the intestines is absorbed into the blood and the presence of these bodies 
may explain the appraently higher blood uric-acid content as the phenols produce 
a similar colour with the uric-acid reagent as does uric acid itself. It may be that 
increase of the uric acid is real because when there is excess of carbohydrate and 
little fat in the diet, as is usual with the Bengali diet, the formation of purin bodies 
from carbohydrate may be stimulated (Wright, 1934). Again, a transient oedematous 
condition of the skin, subcutaneous tissue and mucous membrane is seen in oedemas 
of the angioneurotic type. Results obtained after atophan administration led 
Ilyslop (1926) to think that it was connected with uric-acid retention. In this 
connection it is of interest to recall the observations of Lukis (1908) wlio considered 
epidemic dropsy to be of the nature of angioneurotic oedema closely allied to 
urticaria and originating from some sepsis. 

The chloride content of the blood was, however, found by Roy ( loc . cit.) to be 
higher than normal in the majority of cases. The retention of chlorides in these 
cases with oedema is significant. It recalls to our mind the blood picture as obtained 
in hydrannie nephritis, where there is retention of chloride without appreciable 
retention of nitrogenous waste products ; but the absence of any renal involvement 
and of copious albuminuria puts epidemic dropsy into a separate class. The calcium 
figures were rather irregular varying from 6 - 09 mg. to 15 mg. per 100 c.c., but Roy 
points out that most of the cases had calcium in some form or other before he could 
examine the blood ; the results in the untreated cases were decidedly lower than 
normal. Denis and Corley (1925) and Halverson, Mohler and Bergein (1917) 
maintained that no increase of Ca content of blood serum in animals was possible 
by supplementing food with calcium or calcium rich food and this is in accord with 
our observations (unpublished) with respect to human beings. The continued 
administration of Ca salts in various forms with or without parathyroid causes 
no appreciable increase of serum calcium content of human beings. Peters and 
Eiserson (1929) claim that pathological variations in serum calcium cannot be 
evaluated unless simultaneous determinations of inorganic phosphorus are made. 
It is therefore difficult to assess the real significance of these observations. Roy 
cl at. (1933) confirmed the findings of Roy (loc. cit.) in all essential points. The 
cholesterol content varied from 89 mg. to 166 mg. (average 131*0 mg. per 100 c.c.). 
Roy considered these figures to be markedly lower than normal values. These 
figures however fall within the normal range for Indians as obtained by Boyd and 
Roy (1928) and in fact the average is somewhat higher than that obtained by 
these workers (116 mg. per 100 c.c.). 

The study of the protein fractions as well as some of the physical properties 
of blood sera of patients suffering from epidemic dropsy, however, furnishes some 
'eery interesting data. The total nitrogen and consequently the protein value was 
found by Rov to be much below the normal though the serum protein was near 
about the normal in the majority of cases. The fact that in spite of anaemia and 
hydrseinia which are almost constant features of this disease, the serum proteins 



939 


R. N. Chopra, D. C. Mazumdar and A. C. Roy. 


retained their normal value, indicated that it was the diminished number of 
erythrocytes that was mainly responsible for the diminished total JN-value. ihe 
albumin: globulin ratio was found to have altered to a marked degree. Ihe 
albumin content was found to be much decreased and the globulin fraction was 
much higher than the normal. 

Chopra et al. (1935) found that in the sera of patients suffering from epidemic 
dropsy both relative viscosity and surface tension were below their normal values. 
The pH remained unaltered, while the buffer action was diminished to a certain 
extent. As regards the protein fractions, their findings were in agreement with 
those of Roy {loo. cit.), the only difference being that this worker found still 
more marked changes in the albumin fraction. These authors have also sought 
to explain some of the symptoms of epidemic dropsy in the light of changes of protein 
fractions as well as of other physical properties of blood sera already alluded to. 
The three main factors which govern the fluid exchange between the blood and the 
tissues are : (1) the hydrostatic pressure of the blood and this in turn depends upon 
its viscosity. The lowered viscosity as observed in these cases increases the hydro- 
static pressure which tends to drive fluid into the tissues, (2) the osmotic pressure 
of the serum colloids tends to draw fluid into the blood, the albumin fraction being 
responsible for this. A fall in this protein as is observed in this condition therefore 
lowers the osmotic pressure and cannot attract fluid into the blood as efficiently 
as in normal subjects, and (3) the increase of capillary permeability as is observed 
in epidemic dropsy also influences greatly the fluid exchange in the body. 

From this it would appear that in epidemic dropsy almost all the factors that 
control the fluid exchange between the blood and the tissue become disturbed 
and favour the expulsion of fluid from the blood into the tissues. 

That the cholesterol and lecithin in the blood undergo significant changes in 
some of the dropsical conditions and in anremia is well known. A close relation 
is said to exist between lecithin and cholesterol in the system ; if one increases the 
rise is followed closely by the other lipoid. It is believed that this ratio has much 
to do with the water balance of the body. This theory was put forward by Schseffer 
(1914) and elaborated on with in vitro experiments by Degkwitz (1933). It was 
considered possible that simultaneous determination of the lecithin and cholesterol 
content of the blood might throw some light into the disturbed water-balance found 
in this condition and investigations on the subject were accordingly carried out on 
cases selected from those attending the Carmichael Hospital for Tropical Diseases 


nooo C l0l T er0l 7f 6Stim , ated ac T din S t0 a sli gbt modification of Bloor’s technique 
(1922) and hpoid-P according to the procedure laid down by Chopra and Rov (1936). 

In some of the cases the distribution of both lecithin and cholesterol between the 

Table fiT?/ 08 ! S ° f W ° rked ° Ut - , The results are given in the following 
Staring hJ £ ^ve been grouped under the 


(o) Acute cases. 

(6) Chronic and recurrent cases. 
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(c) Cases with marked erythema legs. 

(d) Cases with sarcoids. 

(e) A few cases which do not come under designation epidemic dropsy were 
taken from beggar class persons who had subsisted on insufficient diet for a long 
time and who did not exhibit other characteristics of epidemic dropsy and may 
more aptly be classified as nutritional cedema. 

(f) Two cases of sub-acute glomerular nephritis which were encountered 
in the course of this investigation have also been worked out. 


Table. 

Cholesterol ami lecithin content of blood. 
' (a) Acute cases. 


1 

\ 


CuOI/FlSTEItOIi. 


Lkcitiiik. 


CVe ' 

number. \ 









Age. 

Whole 

blood. 

Plasma. 

Cells. 

Whole 

blood. 

Plasma. 

Cells. 

Cell 

volume. 

1 

1 , 

32 

1G0-0 

| 

140*0 

20G*G 

8*0 

4*8 

35*44 

30*0 

o j 

40 

173*2 

382*0 

158*G 

11*7 

6*9 

20*4 

35*5 

3 ! 

18 

150*0 

131*2 

227 *G 

. . 

4*5 

. . 

19*5 

4 

1 

40 

148-0 

140*0 

173-3 

10*G 

4*3 

30-55 

24*0 

5 | 

42 

' 1G0*0 



11*1 

9*9 

12*9 

39*0 

6 

5G 

1 100*0 



. . 

. . 

. , 

35*8 

7 

25 

130*0 

i 


7*2 



20*7 

8 

18 

154-0 

.. 


10*3 


. . 

20*1 

0 

| 30 

138*0 

{ 


10*2 

. , 

• • 

28*0 

10 

1 28 

i 

135*5 



. . 

. . 

, , 

35*2 

11 

j 25 

i 1G0*0 



11*3 

, . 

, , 

25 *G 

12 

1 30 

100*0 

1 


10*0 

9*2 

11-80 

30*5 

13 

30 

154*0 

l 

{ • * 


12*0 

, , 

, , 

30*3 

14 

9 

107*5 

i • « 


7*0 

• » 


20*G 

15 

15 

142*8 

t 


. . 

. , 

, , 

29*4 

1G 

23 

182*0 

\ 

i 

! 


9*G 

- 

•• 

26*4 

Average 

1 

150*9 

1 

i 

| 148-2 

i 

191*5 

9*9 

G*7 

38*2 

28*10 
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(b) Chronic aiul recurrent cases. 


Case 

number. 

Age. 

Cholesterol. 

Lecithin. 

Whole 

blood. 

Plasma. 

Cells. 

Whole 

blood. 

Plasma. 

Cells. 

Cell 

volume. 

1 

•* 

206-0 

220-0 

180-0 

9-5 

8*0 

12-3 

35-0 

2 

55 

250-0 

222-0 

392*1 


8*5 

*• 

16*5 

3 

30 

1 

205*0 

143-0 

392-6 

12-5 

5-8 

29*5 

24*0 

4 

5 ! 

224-0 

160-0 

385-5 

7-9 

5*4 

14-4 

28*0 

5 

6 

210-5 

138-0 

371-9 

12-3 

12-8 

11-2 

31*0 

6 

25 

210-0 

164*0 

443-0 

8-5 

6*4 

19*2 

16*5 

7 

•• 

222-2 

232-5 

165-0 

9-3 

9*0 

10-98 

15-26 

8 

30 

213-0 

215-0 

209-5 

10-4 

7-0 

16*44 

36-0 

9 

•• 

203-0 

197-0 

210-4 

9*1 

7-0 

11*67 

45-0 

10 

27 

219-0 

181-0 

296*15 

11-6 

10-8 

13*2 

33*0 

11 

42 

240-0 

242-0 

234-6 

10-5 

9*4 

13-47 

27-0 

12 

11 

186-0 

•• 

•• 

7*0 

• . 

. . 

37-0 

13 

i 

42 

190-0 

•• 

•• 

10-7 

• • 

. . 

30-0 

14 

30 

250-0 

•* 

•• 

12-0 


• , 

30-0 

15 

30 

184-0 


•• 

8-0 

•• 

•• 

30-0 

Average 

■ 

216-8 

192-2 

D 

■ 

8-2 

15-2 

2S-95 
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Table—- contd. 

(c) Cases with marked erythema legs. 


Case 

number. 

Age. 

Cholesterol. 

' Lecithin. 

Whole 

blood. 

Plasma, 

Cells. 

Whole 

blood. 

Plasma. 

Cells. 

Cell 

volume. 

1 

25 

Id 

* 

© 

© 

1G4-0 

442-7 

1 

8-6 

6*4 

19*12 

16*5 

2 

j 16 

l 

205*0 i 

! | 

194*0 

245*16 

10*0 

6-G 

22*4 

21'5 

3 

• • ! 

i i 

186-0 

j 

200-0 ! 

1 

144*0 

10*0 

7*2 

18*4 

25-0 

4 

42 

240-0 | 

1 

i 242*0 

234*6 

10*5 

9*4 

13*47 

27-0 

5 

38 


250*0 

2GG*G 

10*0 

6*0 

•• 

• • 

G 

40 

333-0 


•• 

11*0 

• . ! 

•* 

20-0 

Average 

** 

234*8 

210*0 

! 266*0 

i 

i 

t 

10*6 

7*1 

18*34 

22*0 


(d) Cases with sarcoids. 


i 

i 

Case 

number. 

Cholesterol. ! 

! 

Lecithin. 

Age. 

Whole 

blood. 

Plasma, j 

Cells. 

1 Whole 
| blood. 

1 

: Plasma. 

i 

| Cells. 

Cell 

volume. 

1 

i 

1 

1 t 

25 ; 

i 

210*0 

1 

! 

| 1G4 ' 

1 

! 242-7 

8*5 

6*4 

i 19*12 

| 16*5 ' 

2 

t 

30 

22S*6 

190 

! 

1 

j 33S*4 

I 

! 9*0 

6*0 

17-5 

i 

26-0 

Average 

I 

219*3 

177 

j ....j 

1 290*5 

i 

! j 

8*7 

6*2 ! 

18-7 

21-25 
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Table — conoid. 


(e) Oases with nutritional oedema. 


Case 

number. 

Age. 

Cholesterol. 

Lecithin. 


Whole 

blood. 

1 

Plasma. 

Cells. 

Whole 

blood. 



Plasma. 

Cells. 

Cell 

volume. 

1 

60 

115*0 

111-1 

124-5 

6*6 

1*4 

18*45 

30-5 

2 

1 13 

1 113*3 


225-1 

6*9 

5-2 

' 

13*9 

19-5 

3 

26 

125-0 

j iii-i 


7*5 

•• 

•• 

26-4 

Average 

•• 

126-6 

111*1 

, 

174*8 

7*0 

3-3 

16*1 

25*5 


(j) Cases of sub-acute glomerular nephritis. 


Case 

number. 


Cholesterol. 

Lecithin. 

Age. 

Whole 

blood. 

Plasma. 

Cells. 

1 

Whole 

blood. 

Plasma. 

Cells. 

Cell 

volume. 

i 

1 

. . 

364 

I 

1 


! 

! 

9*0 

1 

1 


26 

2 

11 

250 


192*3 


653*9 

j 

12*9 

I 

9*2 

38-8 

12*5 


On referring to the Table we find that in acute cases the wliole-blood 
cholesterol varies from 130 mg. to 182 mg. per 100 c.c. with an average of 150*9 mg. 
These figures fall within the normal range for Indians as determined by Boyd and 
Boy (Joe. cit.) but the average is somewhat higher (116 mg. per 100 c.c. being the 
normal average for Indians). In chronic and recurrent cases the whole-blood 
cholesterol figures are decidedly higher than normal. They vary from 184 mg. to 
256 mg. per 100 c.c. with an average of 216-8 mg. per 100 c.c. Cases with 
erythema and also those having sarcoids also show similar higher cholesterol 
contents. The figures for sub-acute nephritis are still higher, quite normal values 
however being obtained in oedema due to nutritional factors. 

The average plasma cholesterol figures are of the same order as the whole-blood 
cholesterol in each group, but the cholesterol content of the cells is markedly higher 
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due probably to the lower cell volume, so that in tbe majority of cases there is dis- 
tinct evidence of tbe greater concentration of cholesterol in the corpuscles. 

The lipoid-P content of the whole blood in acute cases varies from 7 mg. to 
12 mg. per 100 c.c. with an average of 9-9 mg. ; in recurrent and chronic cases the 
range is about the same (average 9-8 mg.) ; in cases having marked erythema 
variation is from 8-5 mg. to 11 -0 mg. (average 10-6 mg.). Somewhat lower values, 
however, are obtained in cases having sarcoids (8-5 mg. to 9 mg. ; average 8-7 mg.). 
In few cases of nutritional oedema, the lipoid-P figures appear to be considerably 
reduced (6-6 mg. to 7-5 mg. ; average 7-0 mg. per 100 c.c.). Chopra and Roy 
(unpublished) determined lipoid-P in whole blood and also its distribution between 
the cell and plasma in normal Indians. The lipoid-P of the whole blood was found 
to vary between 9-8 mg. and 11-9 mg. (average 9*9 mg.) and the average lipoid-P 
content of tbe cell being 14 - 2 mg. per 100 c.c. (variation 13T mg. to 15-9 mg. per 
100 c.c.). These figures are somewhat lower than the values obtained with respect 
to Europeans and Americans (12 mg. to 14 mg. per 100 c.c. of whole blood). Judging 
from Indian standards, the average lipoid-P values for whole blood fall within the 
normal range except those having sarcoids and suffering from nutritional osdema 
where lower values are obtained. The average lecithin contents of the plasma and 
of the erythrocytes do not show any marked deviation from the normal in the 
epidemic-dropsy cases, except in those showing marked erythema and sarcoids. 
Such cases show a somewhat greater concentration of lecithin in the cells than the 
majority of cases. In patients suffering from nutritional oedema a markedly lower 
value for plasma lecithin is shown without a corresponding increase in the lecithin 
content of the cells. 

It is well known that in most cases of plasma-protein depletion the blood 
cholesterol is raised. This is probably a compensatory mechanism to increase the 
colloid-osmotic pressure. In epidemic dropsy though the plasma protein as a whole 
does not suffer any appreciable depletion, the albumin content which is considered 
mainly responsible for the regulation of the colloid-osmotic pressure is markedly 
reduced. The increase of blood cholesterol in this condition may well be explained 
as an attempt to adjust the loweT colloid-osmotic pressure of the blood. 

Moreover, the hydrgemia which is a common feature of this disease may not 
be real as in hydrsemie plethora, where there is an actual increase of blood volume. 
The hydnemia as is observed in this condition may only be relative owing to the 
smaller number of erythrocytes available in the circulation. With the disappear- 
ance of oedema and improvement of general condition there is a rise in the cell volume 
as well as in haemoglobin and adjustment of serum proteins also takes place. Such 
an increase evidently is not due to regeneration of these elements as often the im- 
provement is too rapid for regenerative processes to have been concerned. More- 
over in stagnant capillaries, the corpuscles tend to adhere to the vessel walls and 
accumulate in them. In a healthy individual such accumulation may occur in the 
spleen, in the fiver, and in bone-marrow, which might be designated as ‘ parking 
grounds ’ for the corpuscles. In epidemic dropsy where there is extensive and 
elaborate capillary dilatation such repositories for accumulation of red blood cells 
are abundant and widespread and therefore it is quite conceivable that a lesser 
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number of corpuscles become available for general circulation leading to a relative 
bydrcemic condition of the blood. 

Summary and conclusions. 

X. The lecithin and cholesterol content of the blood of a number of persons 
suffering from epidemic dropsy has been determined. 

2. In acute cases the cholesterol content was found to be within the range 
for normal Indians but the average was somewhat higher. 

3. In chronic and recurrent cases there was a marked increase of the 
cholesterol content. Similar higher figures were also obtained in those having 
sarcoids. 

4. The average lipoid-phosphorus figures showed normal values in both acute 
and chronic cases with or without erythema but somewhat lower values were 
obtained in those having sarcoids. 

5. In epidemic- dropsy lipoid-phosphorus figures vary within a much wider 
range than what is obtained in normal individuals. 

6. It is suggested that the increased cholesterol values may be a compensatory 
mechanism to increase the colloid-osmotic pressure of the blood which is markedly 
lowered in epidemic dropsy due to a depletion of the albumin fraction. 
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Chopra and his co-workers (1930) showed that the oral administration of 
argemone oil (oil expressed from the seeds of Argemone mexicana) produces symptoms 
resembling those of epidemic dropsy. Five individuals who ate food cooked in 
mustard oil containing known quantities of argemone oil developed well-marked 
oedema and two of them showed the characteristic flushed appearance of the skin 
and had cardiac involvement (dilatation and murmur). It was also shown that 
argemone oil was more toxic to laboratory animals than mustard oil and that heat- 
ing the adulterated oil at a temperature of 240°C. for 15 minutes led to the almost 
complete destruction of the toxic fraction in the oil. In this paper are recorded 
the results of further animal experiments with argemone oil. The oil was given 
by mouth to guinea-pigs with a bent cannula attached to a syringe. Mice were 
given the oil with a 2-inch hypodermic needle the end of which had been thickened 
and rounded off. 


The results of the feeding experiments are given in tabular form. In Table I 
is the mortality in guinea-pigs fed with diflerent doses of unheated and heated 
argemone oil and the mortality in control series of guinea-pigs fed with unheated 
and heated mustard oil, olive oil, and liquid paraffin. Six animals were used for 

( 947 ) 
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each dose. There was extreme loss of weight particularly in animals receiving 
argemone oil. In guinea-pigs which survived sub-lethal doses of argemone oil 
losses of 50 per cent or even more in body-weight were not uncommon and recovery 
required many weeks or even months. 

Table I. 


The mortality after the administration by mouth of different oils to guinea- 
pigs. Six animals ivere used at each' dose. 


Oil. 

Treatment of oil. 

Amount given 
each day, c.c. 

Humber of animals 
that died and day 
of death (average). 

Average amount of oil 
(in c.c. per 100 grammes 
body- weight) that 
produced a fatal issue. 


r | 

Unheated 

0*25 

4 (30 days) 

1*7 


1 

»» 

0*5 

1 

5 (12 „ ) 

1*8 

Argemone * 



2-0 

I 

6(6 „ ) 

1*3 

1*1 


Heated at 100°G.* 

: 2*0 

6(5 „ ) 



„ „ 170°C. 

2*0 

5(9 „ ) 

1*5 


v. 

„ „ 240°C. 

2-0 

6 (17 „ ) 

6*8 



Unheated 

0*25 

Nil 

i 




t 99 

0*5 

Nil 

.. 

.Mustard . . i 


i 

i 99 

2*0 

6 (12 days) 

i 

5*8 


\ 

Heated at 240°C. 

2*0 

4 (22 „ ) 

14*0 



1 Unheated 

0*25 

Nil 

. • 



1 >> 

0*5 

Nil 


Olive 


! » 1 
I 

2*0 

6 (13 days) 

' 4*1 



Heated at 240°C. 

2*0 

6 (19 „ ) 

8*8 

Liquid 


Unheated 

2*0 

6 (30 days) 

7*1 

paraffin. 


i 

1 

i 

i 


* The heating of the oil 'was carried out for 15 minutes at the stated temperature in all cases. 


The feeding with oil was stopped in animals which appeared very ill. All 
animals received the standard stock laboratory diet and were looked after 
carefully. 

There is an appreciable difference in the amount of the heated (at 240°C.) and 
the unheated argemone oil, mustard oil or olive oil that leads to the death of a 
guinea-pig. The difference is most marked with argemone oil, particularly when 
the 2-c.c. daily doses of heated (at 240°C.) and unheated oils are compared. The 
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lethal dose of unheated oil (or of oil heated at 100°C. or 170°0.) is between M c c 
and 1-5 c.c. per 100 grammes of body-weight, whereas 6*8 c.c per 100 grammes 
body-weight of oil heated at 240°C. is required to kill the ammal. This diflerence 

is significant. _ 

S imil ar experiments were carried out on white mice. The results are recorded 

in Table II : — 

Table II. 


The effect of different daily doses of unheated argemone oil on ivhite 
mice. Eight mice were used at each dose. 


Daily dose 
(by mouth), 
c.c. 

Average number 
of days animals 
survived. 

Amount required to 
kill a mouse (in c.c. 

( per 100 grammes 
body-weight). 

Argemone oil 
(unheated). 

0*1 

40 

19*8 

0*25 

10 

14*4 

0*5 

5 

12*4 

1*0 

2*5 

10*2 

Olive oil 1*0 

12 

51*0 


The experiment was repeated together with series of mice which received 
similar doses of the heated oil. The results are given in Table III : — 


Table III. 


The effect of different daily doses of unheated argemone oil and argemone oil 
heated at stated temperatures. Eight mice were used at each dose. 


D a i 1 y dose (by 
mouth), c.c. 

Unheated argemone oil. 

Heated argemone oil. 

Average 
number of 
days of 
survival. 

Amount required to 
kill a mouse (in c.c. 
per 100 grammes 
body -weight). 

Temperature at 
which oil was 
heated. 

Average 
number of 
days of 
survival. 

Amount required to 
kill a mouse (in c.c. 
per 100 grammes 
body- weight). 


5*6 

13*2 

100°C. for 1 hour 

5 

11*8 


3S 

19*0 

170°C. for 10 mins. 

39 

20-7 

0*5 

4*S 

11*8 

200°C. for 15 „ 

6 

15-0 

0-25 

11 

14*8 

240°C. „ 

14 

17-4 

1*0 

2 

10*0 

250°C. „ „ 

5*2 

20-8 
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The effect of heating argemone oil is to make it less toxic to laboratory animals. 
This effect is most marked when the oil is heated at 250°C. for 15 minutes, i.e., 
when it ‘ fumes 5 well. This is well seen in Table III which also confirms the results 
obtained in Table II. Argemone oil heated at 240°C. for prolonged periods still 
gave a well-marked positive reaction with nitric acid. 

The tissues of animals that died during the experiment or that were killed 
when the animal was obviously ill were fixed in formaldehyde or Zenker’s fluid, 
cut in paraffin and stained with heematoxylin and eosin. The tissues of animals 
that died during the night were not examined. The liver, kidney,' stomach, and 
intestine from 10 mice and 2 guinea-pigs that had been given argemone oil were 
studied. The tissues of animals that had been given pure mustard oil or water 
only were also examined. The tissues in the control group showed no marked 
pathological changes. 

The tissues from animals that had received argemone oil showed well-marked 
pathological changes. The organs showing extensive damage were the liver and 
the kidney. The changes were observed both in guinea-pigs and mice. The mucous 
membrane of the stomach and intestines was cedematous, the epithelial cells were 
swollen and had undergone cloudy changes and desquamation. The vessels of the 
villi were dilated. The liver showed portal congestion and thrombosis of some 
of the tributaries of the portal vein. There was marked fatty degeneration of the 
hepatic cells scattered throughout the lobules with small foci of necrosis near the 
periphery. No coagulated bile was seen in the hepatic ducts. 

The kidneys presented a picture of acute haemorrhagic glomerulo-tubular 
nephritis. There were well-marked degenerative changes in the convoluted tubules 
and descending limbs of Henle. The epithelium was detached in several areas in 
the form of tube casts. There was also marked intestinal congestion with 
extravasation and keemorrhages in some areas. 

The histological changes noted in the liver and kidneys are similar to those 
described by Ivesten cl ah (1939) in animal experiments with diethylene dioxide 
(dioxane). The changes in the liver in animals fed with argemone oil differ 
from those found in dioxane poisoning in that definite groups of hepatic cords 
drained by the tributaries of the hepatic veins are not affected. The vascular 
changes in the kidneys occur both in the cortex and in the medulla, in a nim als 
fed with argemone oil whereas with dioxane the kidneys showed hydropic 
degeneration of the cortical region only. The changes produced by argemone oil 
are more extensive than those observed with dioxane. It is hoped to extend this 
work and to include the changes produced by different fractions (saponifiable 
and non-saponifiable) of the oil. Results of certain preliminary experiments 
carried out with these fractions suggest that the fatty acids of argemone oil are 
more toxic than the whole oil. 

The amount of argemone oil required to produce symptoms in guinea-pigs 
and men was calculated. In animals a loss of more than 10 per cent of the original 
weight with loss of activity, and roughening of the coat were taken as indicating 
toxic effects. In man, the onset of aches and pains in the body and the development 
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of osdetna were considered as indicating toxic effects. The amount necessary to 
produce these effects is shown m Table IV 


Table IV. 

Amount oj argemone oil required to produce toxic effects in 


guinea-pigs and man . 


Argemone oil. 

Amount of argemone oil 
(in c.c. per 100 grammes 
body- weight) required to 
produce toxic effects. 

(A) Guinea-pigs : — 

tr 

XJnheated oil * • 1 

0-54 

Heated at 170°a 

0-95 

» „ 240°C. 

l-23\ 

(B) M an : — 


Argemone oil, mixed in 

Approximately 0'88. 

mustard oil used for 


cooking the food. 



Summary. 

Argemone oil (the oil expressed from the seeds of the plant Argemone mexicana) 
is more toxic to laboratory animals than mustard oil, olive oil, or liquid paraffin. 
When the argemone oil is heated to a stage at which it * fumes * well (at 240°C. 
for 15 minutes) the toxicity of the oil is not much more than that of certain bland 
oils, such as olive oil or liquid paraffin. The heated oil still gives a positive nitric 
acid test. Heating the oil at 100°C. or 150°C. has no appreciable effect in its 
toxicity to animals. 

If the results obtained in animals can be confirmed by observations in man 
then the heating of the oil before use would be a simple method of controlling the 
outbreaks of epidemie dropsy. ° 

Argemone oil when given by mouth to guinea-pigs or mice causes extensive 
degenerative changes in the liver and the kidneys. These changes have been 
described. 
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In course of our investigation on tlie detection of diluted buffalo milk sold as 
cow milk satisfying tbe minimum standards fox fat and non-fatty solids for cow milk, 
we found it necessary to adopt a rapid method for tbe estimation of lactose in milk. 
In tbe method described by Stewart and Boyd (1928), which has long been used 
in this laboratory, alumina cream is used to obtain a clear filtrate from milk and 
the quantity of lactose in it is estimated by the reduction of a known volume of 
Fehling’s solution, using acidified potassium ferroeyanide as outside indicator for 
titration. The slow filtration after the precipitation of milk protein by alumina 
cream, repeated washing of the precipitate and the dilution to a definite volume 
at the end of thorough washing, make this method inconvenient for carrying out 
a number of lactose estimations in a short time. The use of an outside indicator 
is disadvantageous as is the tendency of the reduced copper to back oxidation whilst 
the outside test is being carried out. Hurst (quoted by Mitchell, 1930) used dia- 
lysed iron to obtain quickly a milk filtrate suitable for lactose estimation. We 
have found that this method in which dialysed iron alone is used, requires a large 
quantity of the reagent and does not work satisfactorily with fresh samples of milk, 
especially with those containing a comparatively high amount of lactalbumin and 
lacto-globulin. 


Here we have described a method for obtaining, very quickly, a clear filtrate 
from milk by using acetic acid and a small quantity of dialysed iron. This filtrate 
is conveniently and accurately titrated against Fehling’s solution using methylene 
blue as internal indicator. Some observations have also been made, regarding 
the colorimetric and polanmetric estimation of lactose in milk. S 
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Estimation of lactose added to a mixture of dialysed iron 

AND CASEIN. 

The following experiment was undertaken to determine whether the use of 
dialysed iron, for removing casein from milk, interferes with lactose estimation 
either due to adsorption or any other factor. 


Experiment. 

Casein (Hammerstan) was dissolved in sodium carbonate solution and neu- 
tralized to litmus with acetic acid. To 15 c.c. of 2 per cent casein solution was 
added 20 c.c. of bacto-lactose solution containing 0A934 g. lactose (monohydrate) 
as estimated by Lane and Eynon’s standard method (Sutton, 1935). The mixture 
was treated with 5 c.c. 1 per cent acid solution, 5 c.c. dialysed iron (B. D. H.) and 
shaken well. The volume was- made up to 100 c.c. and filtered. The lactose in 
the filtrate was determined by the same method mentioned above. The filtrate 
was found to contain 0’4955 g. lactose (monohydrate) per 100 c.c. The error, -f 
0‘0021 g. in the recovery of lactose is due to the fact that the 5 c.c. of dialysed iron 
which was added, contained some iron in the solid phase which did not act as a 
solvent for lactose. Consequently the concentration of lactose in the filtrate was 
a little higher. In repeated experiments the error remained constant, the filtration, 
however, was so quick and efficient that it was decided to adopt this method for the 
routine examination of lactose in milk. 


A RAPID METHOD FOR THE ESTIMATION OF LACTOSE IN MILK. 

Preparation of the milk filtrate. 

Ten c.c. of milk* are pipetted into a measuring flask (100 c.c.) provided with 
glass-stopper. The pipette is washed well into the flask, with distilled water. 

To this diluted milk, the volume of which is about 30 c.c. to 35 c.c., add 5 c.c. of 
1 per cent acetic acid and shake the flask. Dialysed iron 5 c.c. is then gradually 
added, with rotation of the flask. The contents of the flask are vigorously shaken 
for about 2 minutes and then allowed to stand. When the precipitate has settled 
down, showing a clear supernatant fluid, the mixture is diluted to 100 c.c. and 
filtered. The filtration is very quick. 


Titration of the milk filtrate. 

The titration is performed on 10 c.c. Fehling’s solution.f For accurate work 
duplicate titrations are carried out. 


* For rapid work, the weighing of milk has been omitted. The specific gravity is determined and 
utilized in calculation. 

f Soxhlet’s modification of original Fehling’s is used : (a) An aqueous solution of pure copper 

sulphate (Analar quality) containing 09-28 g. CuS0 4 , 5H„0 per litre, (b) An aqueous solution con- 
taining 340 g. Rochelle salt and 100 g. of sodium hydroxide per litre. 
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(1) Preliminary titration (for ordinary routine work, this alone is sufficient). 
Milk filtrate 1U5 c.c. is added to 10 c.o. Fehling’s solution and the contents are 
brought to boiling, addition of the filtrate is continued from the burette until there 
is left only a faint bluislx tinge of the copper. Methylene blue (medicinal) 1 per cen 
aqueous solution, 3 drops are added and titration is finished when the liquid shows 
a bright orange colour due to the presence of cuprous oxide only. Let Y be the 
volume of the filtrate required. 

(2) Final titration (for very accurate work). Filtrate (Y 0*5) c.c. is added 
to 10 c.c. Fehling’s solution and boiled for exactly 2 minutes from the time the 
mixture begins to boil briskly. Methylene-blue solution, 3 drops, are added and the 
titration finished in 1 to 2 minutes. Usually 0T c.c. to 0 - 5 c.c. more of the filtrate 
is req uir ed in this titration. Let V be the quantity of the filtrate required. 

10 c.c. Fehling’s solution = 0'0679 g. lactose (monohydrate) H22 Oa, H2O. 


Calculation : — 

„ , , , . .„ 0-0679 X 100 , 100 679 

Per cent lactose m milk= T — X = vYlfi-Tr^TuT ’ 

Experimental. 

The lactose content of a sample of milk was estimated by the rapid method 
described above using acetic acid and dialysed iron, and also by the method des- 
cribed by Stewart and Boyd using alumina cream. Methylene blue was used as 
indicator during Fehling’s titration in both cases. 


Table I. 


Comparative estimation of lactose in milk filtrates prepared with 
(1) alumina cream and (2) dialysed iron. 


Description of milk. j 

Lactose 

PER GENT. 

i 

Alumina cream. 

Dialysed iron. 

Cow No. ‘L’ . * 1 

4*94 

4-93 

Silclmr cow 

2*71 

2-77 

(adulterated sample) 


Known quantities of lactose from standardized baotn Wwo , • 
added to temples of milk already analy S’ ,’S 
method. Lactose was also estimated in mill- + 7 *, T rapid 

water. In even- instance 10?c ^ of fit mil? d,I “ tc<I >“°wn quantities of 

in a chemical balance ° 01 mKture to be ““lysed was weighed 
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Table II. 

Estimation of lactose added to milk and in samples diluted unth water. 



Lactose per cent. 

Substance analysed. 

Present. 

Found b} r 
analysis. 

| Per cent 
error. 

j 

Cow milk No. t L * . . 

• . 

t 4*79 

• * 

„ + 1 per cent lactose 

5*79 

j 5-81 

+ 0*02 

+ d*5 y> ■ 

5*29 

; 5*31 

j +0-02 

ft + 0*25 f , yf 

5*04 

5*07 

+ 0-03 

Shillong buffalo milk (pooled) . . 

• « 

4*3 

** 

„ „ milk diluted ; 

2 volumes + 1 volume water. 

2*86 

| | 

2*88 

+ 0*02 

Shillong farm cow (No. 70) milk 


4*76 

*« 

„ „ milk diluted ; 

1 volume milk + 1 volume 

water. 

2*38 

2*41 

+ 0*03 


Lactose content of a sample of formalin preserved milk was estimated by the 
rapid method at different dates. 


Table III. 

Estimation of lactose in a sample of formalin preserved milk. 


Description of j 
milk. i 


Date of 
examination. 


Lactose 
per cent. 


Remarks. 


17”! 1-38 


4*93 


Cow No. ‘LM 


21-11-38 

25-11-38 


29-11-38 


4*89 

4-89 

4*92 


Fresh sample of milk examined 
[ and 3 drops (0*15 e.c.) 

j formalin (40 per cent b}' 
J volume) added to 6 oz. milk. 


Table III, besides proving the reliability of the method of analysis, shows that 
the quantity of formalin added preserved the milk for 12 days without any 
significant deterioration to the lactose content. 

Analyses of some representative samples of cow and buffalo milks by this 
rapid method are shown below. 
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Table IV. 

Lactose content of cow and buffalo milks. 


Description of inilk. 

Animal. 

Lactose 
per cent. 


Silchar 

No. 1 .. 

. . 

Buffalo 

4*22 



No. 2 . . 

* . 

99 

4*95 

18-4-39 * 

99 

No. 3 . . 


99 

4*47 


99 

No. 4 . . 


99 

4*91 


99 

No. 5 . . 


99 

4-95 


v 99 

No. 6 .. 


99 

4*94 

29^-39 . 

Sylhet No. 11 . . 

•* 

99 

4*67 


„ 

No. 12 .. 


99 

4*16 

25-5-39 

Silchar No. 12 . . 


99 

5*11 

29-5-39 

Sylhet No. 6 . . 


99 

4*9 

4-4-39 

99 

No. 123 


Cow 

4*33 



No. 130 


99 

4*13 

6-4-39 

99 

No. 116 


99 

4*73 

12-4-39 

Shillong farm No. 73 


99 

4*75 


99 

„ No. 120 


99 

4*77 

25-4-39 - 

99 

„ No. 58 


99 

4*22 


<■ 99 

„ No. 99 


99 

4*2 

29-4-39 

Sylhet farm No. 94 

, , 

99 

4*18 

23-5-39 

Shillong farm No. 123 

. . 

99 

4*8 

9-6-39 

Sylhet 

farm No. 30 

• , 

99 

4*94 

16-6-39 

99 

>, No. 26 

•• 

99 

1 

4*02 


Colorimetric estimation oe lactose. 

estimation of blood s^^^s^sed^restimltfthe 8 ] ^ coIorimetri 

filtrate. It Mas found that dialysed Lon fiSf! 1 'T C ° ntent of the mil] 
protem-free filtrate obtained by 10 per cent y m . mi k proved as g° od as tin 
which is generally used in colorimetry. ^ tun g sfcate and f K H 2 S0 4 

filtrate, whicliwas obtaked froL^for' Feh^^Tt- 11 ’ ^ Same diaI y sed iron 

enling s titration, was used after diluting 
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y c.c. of the filtrate to 100 c.c. The method followed was essentially the same as 
in the estimation of blood sugar except that for copper reduction 10 minutes were 
allowed instead of G minutes during boiling. This modification was found necessary 
for thorough reduction of the copper by lactose. Standard lactose solution was 
prepared by diluting 4 c.c. of 0-5 per cent lactose in 0-25 per cent benzoic acid 
(standardized by Fehling’s titration) to 100 c.c. 1 c.c. = 0’2 mg. lactose (standard 
solution). 

Comparison was made in the colorimeter setting the standard at 20 mm. 

R = reading of the (unknown) milk filtrate. 

Calculation : — 

Lactose per cent — r x sp. g L * 


Experimental. 

Table V. 

Colorimetric estimation of lactose by using (1) sodium tungstate and 
(2) dialysed iron filtrates of the same milk. 


Description of milk. 

Lactose per cent. 

Sodium 

tungstate. 

Dialysed 

iron. 

Sylhct cow No. 12 

4-09 

4*07 . 


Table VI. 

Colorimetric estimation oj lactose and comparison with FelMng’s titration 

method. 


LACTOSE PER CENT. 


. Description of milk. 

Fehling’s titration. 

Colorimetric . 


£ 

i 

Expected. 

Found. 

Error. 

I 

| Expected. 

j Found. 

Error. 

Difference. 

I Shillong * pooled * 


4-3 



1 

1 4*08 


- 0'22 

buffalo milk. 

2 Buffalo milk 2 

2*88 

2*88 

Nil 

2-72 

2*64 

i 

- 0*08. 

i 

- 0*24 

volumes + water 

1 volume. ! 


1 

.1 
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LACTOSE PER CENT. 


f-4 

Description of milk. 

Fehling’s titration. 

Colorimetric. 

Difference, 

i 

O 

■a 

a 

S3 

£ 


Expected. 

Found. 

Error. 

Expected. 

Found. 

Error. 

3 

Shillong farm cow 
No. 101. 

j 

1 4*92 

* ' i 

i 

5 


+ 0*08 

4 

Cow milk 3 

volumes + w a t e r 

1 volume. 

3*69 

3*7 

+ 0*01 

3*75 

3*6 

- 0*15 

- 0*1 


When the blue colour developed is compared and readings taken in a colorimeter 
of the type (Klett-Bio) we have used, it has been our experience that there is always 
a chance of error up to ± 1 in the readings which corresponds to ± 0*2 per 
cent lactose (when the standard is set at 20 mm.). This explains the difference 
between the values of lactose obtained by the colorimetric and the Fehling’s 
titration method. 


POLARIMETRIC METHOD OR LACTOSE ESTIMATION. 

The varying amounts of precipitate produced during the preparation of a clear 
filtrate from different samples of milk cause considerable difficulty in the accurate 
estimation of lactose in milk by polarimetric method. Wiley’s method (quoted by 
Blyth and Blyth, 1909), which suggests a correction to include fat and protein, 
is not suitable for routine work. 

Liverseege (1932) describes Vieth’s method modified by Richmond and Boseley. 
Following this method a clear filtrate suitable for polarization was obtained by 
adding 3 c.c. mercuric nitrate solution* to 100 c.c. milk. Polarization was carried 
out in 200-mm. tube in a Franz Schmidt and Haench type polarimeter. 

The correction applied was, as shown below : — - 


Anhydrous lactose per cent = ^ 

Where a == degrees of rotation 
F = percentage of fat 
S = sp. gr. of milk 

Lactose (monohydrate) = anhydrous lactose X 1*053, 


* Mercuric nitrate solution is 
acid and diluting the product with 


prepared by dissolving 5 c.c. mercury in 96 
an equal volume of water. 


c.c. concentrated nitric 
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Experimental. 

A few samples of milk were analysed for lactose content by tlie Fehling’s 
titration (using acetic acid and dialysed iron for obtaining the filtrate) and by the 
polarimetric method. The values for lactose together with specific gravity, 
fat, and non-fatty solid are shown in Table VII. Fat was estimated by Gerber’s 
method, specific gravity determined with lactometer, and total solids were weighed 
as usual after evaporation to dryness. 

Table VII. 


Detailed analysis oj milk including polarimetric estimation of lactose. 







Lactose per 

CENT. 

Date of 
analysis. 

Source of milk. 

Specific 

gravity. 

Fat. 

Non- 

fatty 

solids. 

Fehling’s 

titration 

(rapid 

Polari- ] 
metric, j 

Difference, 






method). 

i 


( 

Shillong farm cow No. 129 

1034 

5*3 

10*2 

4*99 

5-37 

+ 0*38 

20-1-39 - 




l 




i 

„ „ No. 140 

1034 ! 

2*9 

9'1 

4-81 ! 

5*21 

+ 0*4 

( 

1 

J Sylhot farm cow No. 140 

1032 

2*5 

8'7 

4*62 

4-86 

+ 0-24 


,, No. 30 | 

1035 

7*2 

| 10*8 

4*31 

4*8 

+ 0*49 

23-1-39 . 

| „ „ No. 6 

1035 1 

3 

9*2 j 

4*89 

5*39 

+ 0*5 

i 

i „ „ „ No. 9 1 

1035 1 

5 

9 

4*7 

j 

4*98 

+ 0*28 

i 

j .. ., ., No. 96 

1030 

8*2 1 

8*1 

4*09 

4*58 

+ 0*49 

21-1-39 ! 

j 

i „ „ No. 108 

1032 

7*2 

8*5 ! 

4*91 

5*37 

+ 0*46 

l 

| „ „ „ No. 130 

1035 

3*9 1 

j 

9*2 

4*88 

5*2 

+ 0*32 

27 1-39 

Sylhot farm buffalo No. 12 

1035 

8*7 ' 

10*3 ' 

4*91 

1 

5*33 

+ 0*43 

I 

Sylhet farm cow No. 62 

i 

1034 

5 

9*5 

5-27 

5*6 

+ 0*37 

31-1-39 






( 

1 „ „ „ No. 56 

t 

1 

1034 

5*5 

i 

8*6 

i 

4-61 

j 

4*98 

+ 0*37 


The values of lactose obtained by polarimetric estimation are -f- 0'24 to -f- 0'5 
per cent higher than those obtained by the Fehling’s titration method. 


Discussion. 

The method described here, in which acetic acid and dialysed iron are used for 
obtaining a clear milk filtrate and Fehling’s titration method carried out using methy- 
lene blue as internal indicator, requires a very short time in comparison with other 
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known volumetric methods. This rapid method, however, shows an error of + 0-02 
to 4- 0'03 per cent {vide Table II) on account of the dilution of 10 c.c. milk sample 
together with 5 c.c. dialysed iron, up to 100 c.c. as the first step in the analysis. 
The distribution of lactose is not homogeneous throughout, this 100 c.c. of the fluid 
containing some iron oxide. In the calculation, however, a homogeneous distribu- 
tion is assumed and hence the error. On evaporating 5 c.c. dialysed iron to dryness 
it is found to contain 0-35 g. solids, hence not more than (100 to 0'35) = 99-65 c.c. 
of fluid act as solvent for the lactose. If the observed percentage of lactose by 
this method be corrected as follows the plus error is neutralized or minimized to a 
great extent : — 

P = P 1 X 99-65 

Where P 1 = observed percentage of lactose after titration of the dialysed 
iron milk filtrate. 

P = actual per cent lactose content in the milk. 

This method has been conveniently applied by us in the analysis of about 500 
samples of milk from cow and buffalo of known breeds for the lactose content (the 
results of analysis, together with the history of animals and other observations will 
be published elsewhere). 

It has already been explained that the colorimetric estimation of lactose by 
the method described before is liable to an error of ± 02 per cent. Further 
observation has revealed that the colour developed by the reduced copper is 
strictly proportional to the concentration of lactose only when the unknown 
solution contains almost the same quantity of lactose as the standard solution. 
When different samples are matched against a single standard, sometimes the error 
is more than ±0-2 per cent. 

The colorimetric method, though unsuitable for determining the exact per- 
centage of lactose in a sample, will be found useful for furnishing additional evidence 
in routine analysis of a large number of milk samples, when certain minimum 
standards for lactose have been established for cow and buffalo milks. 

The polarimetric method which we have followed gives higher percentage of 
lactose than that obtained by the copper reduction method. ° 


Summary. 

A rapid volumetric method for the estimation of lactose in milk has been des 
cnbed and some observations made regarding the colorimetric and polarimetric 

srtet^rs of a few — *• * - 
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The importance of diet in the epidemiology and treatment of leprosy lias been 
stressed bv many workers since the publication of Jonathan Hutchinson s book 
on leprosy and fish-eating in the latter part of the 19th century, a book which 
stressed above all other etiological factors the possibility of a certain type of food 
being a causative factor in the acquirement of leprosy. The lack of various 
nutritional factors has been blamed from time to time for the spread of leprosy in a 
community ; but the consensus of opinion among leprologists is that, while diet- 
deficiency may play some part in the epidemiology of leprosy, this is of secondary 
importance in comparison with such factors as contact with open cases and age. 


No conclusive investigations have yet been undertaken which indicate with 
any degree of certainty the additional dietary factors which may be of value in the 
treatment of leprosy. With the collaboration of Dr. W. R. Aykroyd (the Director 
of the Nutrition Research Laboratories, Coonoor) certain dietetic experiments have 
been conducted during the past turn years in the Lady Willingdon Leper Settlement. 
We do not propose to present the findings of these investigations in general because 
the results are still inconclusive. This paper deals with one interesting observation 
made m the course of the work, namely, the good effect of a wheat diet in the relief 
of painful neuritis and certain distressing bone and joint pains. 

Some years ago Dr. Flora Innes of the Vellore Medical College, when dis 
cussing certain dietetic questions with one of us (R. G. C.), expressed the view that 
excessive consumption of carbohydrates may give rise to various signs of metabolic 
imbalance, and suggested that wheat should be substituted for rice in the diet of 

( 963 ) 
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t] ie institution. A review of the women patients in the Settlement showed that 
many were suffering from acute bone pain not infrequently accompanied by nerve 
pain. The latter symptom is common in leprosy, and leprous neuritis is a most 
distressing sequela: of the disease. It is known that, when there is definite swelling 
and a tendency to necrosis, incising the sheath will relieve pain. Recently, Lowe 
(1939) has suggested the surgical removal of the nerve-sheath as a satisfactory 
operation for the relief of nerve pain, but this procedure has only limited application. 
In the Lady Willingdon Leper Settlement, the large tender swollen nerve with 
abscess formation is rare, but nerve pain, of a chronic persistent gnawing type, due 
partly to swelling of the nerve-sheath, but more often to fibrosis, is very common. 

It was decided to try the effect of a wheat diet on patients with severe and 
chronic nerve and bone pain. The latt/er is not a sequela of leprosy, but a common 
complication ; the bone pain is frequently so severe that the slightest pressure 
gives rise to the most excruciating pain. 

Results. 

Thirty-seven cases in all have been observed. In every case in which the 
wheat diet was consumed for three months and more, there has been either complete 
relief of these distressing symptoms or they have been very considerably alleviated 
(see Table II). One of us (M. D. S.) has noticed a remarkable change in the 
temperament of the women who have been placed on wheat diet, and has observed 
that the consumption of anodynes, such as a powder containing aspirin, phenacetin 
and caffein, has been reduced to negligible proportions. 

Table I shows the standard diet issued in the Settlement : — 

Table I. 


A . Standard children diet. B. Indian diet ( general ). 



! 

Oz, 


Lb. 

Oz, 

Parboiled rice 


15*00 

Pvice parboiled 

1 

2 

Unions 


0*30 

or 



Dint! (jniDo) 


1-50 

Rice b aw (with curd) . . 

1 

2 

Ghee 


0*40 

„ (with mutton) 

1 

1 

Mutton 

* ’ i 

2*40 

Dhal (mutton days) . . 

0 

4 

\ egetable*> 

1 

Cr70 

„ (other days) 

0 

G 

Coco-nuts 


No. 0*02 {4 coco-nuts 

Vegetables 

0 

8 


i 

for 214 children). 

Onions 

0 


Plantains 

. * 

1 (one) 

Ghee 

0 

11 ■ 




Mutton (Wednesday 

0 

4 




and Saturday) 






or 






Curd (daily) 

1 01 lock (approximately 





i pint in volume). 


With condiments and spices in small With condiments and spices in small quan- 
quantities. titles. 


Note .— The above figures were obtained Note.— Indian women receive 1 lb. 0 oz. of 

by dividing the average daily kitchen issue by rice instead of 1 lb. 2 oz. Otherwise the issue is 

the average number of children fed, i.e,, 214, the same as for men. 
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C. Anglo-Indian diet (general). 

(Central kitchen issue.) 



Lb. 

Oz. 

Coffee beans 

0 

Oi 

White sugar 

0 

1 

3% 

Milk 

0 

4 

White bread 

0 

8 

Eggs (one on three days, two on four days per week). 

Butter 

0 

1 

B.aw rice . . 

0 

6 

Mutton (3 oz. on four days— 6 oz. on three days per week). 

Ghee 

0 

1} 

. Onions 

0 

2 

Potatoes . . 

0 

3 

Vegetables (4 oz. on three days— 8 oz. on four days per week). 

American flour 

0 

Oi 

Tea 

0 

OJ 

Coco-nuts 

To of a 
head. 

coco-nut per 

i 


With condiments and spices in small quantities. 


From the above diets all rice was eliminated and instead whole wheat was 
taken. This was lightly ground on the currystone and cooked in the same way 
as rice and distributed to the patients who ate it along with their usual curries. 
In the evening chapatties were eaten. For adults 21 oz. of wheat per diem were 
supplied and for boys 12 oz. Wheat prepared in this way needs slightly longer 
cooking than rice and extra salt should be added. None of the patients liked the 
wheat and it was with the greatest difficulty that they were persuaded to 
continue eating it, even though their symptoms had completely abated. So 
accustomed is the South Indian to rice that he would rather have pains than do 
without rice. 
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Table II. 


Percentage of cases showing complete or partial relief of nerve and 
bone pain after the administration of the wheal diet. 



Total 1 

given wheat 
diet. 

Complete 

relief. 

* Partial 
relief. 

Percexta ge. 

Complete 

relief. 

Partial 

relief. 



i 

M. 

F. | 

M. 

F. 



(a) Bone pain 

14 

7 

5 

0 

2 

85-7 

14*3 

(h) Nerve pain 

23 

j 

12 

t 

I 

4 

6 

1 

69*5 

30*5 

Total number of cases 

37 

Total completely relieved 

75 

'*7 


* Slight tenderness of nerves still present and occasional pain but not severe. 


Throughout the experiment all patients continued to receive treatment .for 
leprosy. The standard treatment employed in this institution is subcutaneous 
injections of hydnocarpus oil with 2 per cent creosote, and a mixture of ethyl- 
esters of hydnocarpus oil intradermally. The formula for the latter mixture is 
as follows : ethyl-esters of hydnocarpus oil 75 parts, olive oil 25 parts, and creosote 
four parts. The majority of the patients in this experiment were unable to 
tolerate dosages of hydnocarpus oil above 5 c.c. The administration of the wheat 
diet did not appear to increase their tolerance to the hydnocarpus preparations, 
nor was there any indication that there was any more rapid improvement in their 
leprosy ( see Table III). 


Table III. 


Analysis of cases indicating the condition as regards leprosy after 
the administration of ivheat. 


Negative. 

Much improved. 

Improved. 

Stationary. 

! 

Worse. 

Total. 

2 

2 

18 

14 

1 

37 

(1*54 per cent) 


(9 F.) 

(3 F.) 

j 



Selected illustrative cases. 

1. Kanniammal, female, aged 40 years, type, LI . — Placed on wheat diet November 1937. 
Complained two or three times a month of pains in knees and hands and long bones of extremities. 
Sometimes her even were red and painful. Occasionally she complained of difficulty in breathing. 
Liniments, ichthyol, and glycerine and antiphlogistine tried, but no permanent relief. Aspirin and 
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nli nn ico tin brought only temporary relief. Two months after wheat diet commenced, joint and nerve 
E were completely relieved. No further laryngeal attacks, and eye pain much improved. No 
local treatment given and no need for the administration of anodynes. The wheat diet experiment 
was discontinued in August. Two months later symptoms recurred and the patient is again m 

hospital. . 

2. Allima Bee , female , aged 32 years , type LI . — Placed on wheat diet November 1937. Patient 
was an nnliappy discontented woman. For months at a time unable to do her own cooking and 
housework, because of weakness and joint and bone pains. Frequently found lying on her mat weeping. 
She continually complained of pain and had attacks of severe abdominal discomfort and sometimes 
pain ; at one time cholecystitis was suspected. Two months after talcing wheat began to feel better, 
and indigestion was completely relieved. Joint and bone pains were less. After three or four 
months she could do her own cooking and housework, and appeared more cheerful and talked more 
to her neighbours. After six months, much stronger and seldom seen lying on her bed ; is now 
working as a ward ayah and is bright and happy. 

3. Amiriham, female, aged 35 years , type LI . — Placed on wheat diet November . 1937. 
Patient suffered from severe joint and bone pains. Grasping the nlna or tibia firmly and pinching 
the clavicle caused her excruciating pain. She was unable to do her housework for months at a time 
and was weak and unhappy ; frequently found crying. Local applications to painful joints only 
soothed for one or two hours, the administration of anodynes, such as aspirin and phenacetin, enabled 
the patient to get a little sleep. After taking wheat for two months the patient appeared stronger 
and happier ; by the end of three months all pains had completely disappeared and she has been able 
to do her own cooking and housework for the past year. She now seldom complains of pain and never 
asks for a powder. Has been working as an Anglo-Indian orderly for the past four months ; looks 
well and is happy. 

4. EUammal , female , aged 38 years , type L % — Placed on wheat diet November 1937. 
Complained of joint and bone pains but these were never severe. Pains subsided after three to six 
months and she no longer complains. 

5. Arputhammal, female , aged 40 years y type L2 . — ‘Patient was emaciated and weak with 
deformed hands and feet. Scarcely able to move about. Complained of nerve pains and pains all 
over the body, especially hands and knees. Local applications brought little relief. A powder 
containing aspirin, phenacetin and caffein, and a mixture of sodium salicylate gave only temporary 
relief. After three months noticed great improvement ; her health improved and she is more cheer- 
ful and stronger and is able to get about. Has not had severe pain for months and tenderness in 
ulna and peroneal nerves has completely subsided. 

6. Ehi7nbaram,male f aged 18 years, type L2.— Placed on wheat diet November 1937. Before 

taking the wheat diet patient was a thin, miserable-looking boy continually complaining of nerve pain, 
joint pain, and severe bone pain. The latter was especially noticeable over the tibia, radius, ulna' 
and clavicles, and considerable pain was caused on pressure. The patient’s joints were frequently 
swollen; he showed no desire to play with other boys and was always wanting to stay in hospital, 
bocal applications brought little relief and the usual anodynes had to be frequently administered 
winch gave some relief for a few hours. In addition to the usual diet supplied he was given 1 pint 
ot milk and 1 egg per day, but in spite of this no improvement was noticed in his condition. In 
^November 1937, after much pressure, he was persuaded to take the wheat diet. After about three 
months his symptoms began to abate and he started putting on weight and looked more cheerful 
ciix months after being placed on the wheat diet, he refused to continue, hut on the recurrence of 
^ b £ ne P™ w ^ lch had previously become much less severe, pleaded to be given wheat diet 
folW^. 0Tn pnwards his improvement was steady and remarkable as shown by the 

amoving record of admission to hospital: — J 

27tk December, 1935 to 28th November, 1937 — Total days in hospital— 521. 

Placed on wheat diet — November 1937. 

Days. 

December 1937 to July 1938 . . . . 4 Q 

July 1938 to August 1939 .. .. ..30 

< September 1938 to May 1939 . . . . _ 37 

9th May, 1939 to August 1939 . . . . # 

19 monflfe T i It bem S P^ced on wheat diet, he only spent 77 S n t0 .™. s ? a y ln hospital 

*• ”»»«* *■*-*■«- ™ 8 , 

10 



968 Wheat Diet in Relief of Painful Complications in Leprosy. 


1939 has kept very well and is looking healthy. Now he is always seen playing with other hoys. 
Becentty has been doing duty as ward hoy. 

7. BamakrisJinan , male, aged 16 years , type L2.~~ Placed on wheat diet May 1938. Con- 
stantly in hospital with attacks of nerve pain with poor nutritional state of skin, showing impetiginous 
eruptions ; nerve pains completely subsided and skin condition markedly improved. Patient now 
looking happy and playing as a normal child should play. 

8. Anglo-Indian , male, aged 39 years, type L2N2. — Placed on wheat diet February 1939. This 
patient requested that he might be given wheat, because of acute tenderness in ulnars, right great 
auricular and peroneal nerves. The great auricular nerve in particular was enlarged, and very tender. 
After six weeks, improvement commenced, and all pains completely disappeared in three' months, 
except for slight tenderness in right ulnar nerve. From February 1939 to August 1939 this patient 
was not in hospital, except when he was brought in for a circumcision to be performed, in October 
1939. Two months after stopping wheat he has had a recurrence of acute and severe nerve pain, and 
was in hospital. The patient has again been placed on wheat diet as a therapeutic measure and one 
month later nerve pain had almost completely ceased. 

9. C . Vythalinga Padavachi , male, aged 42 years, type LI . — Placed on wheat diet January 
1039. Complained of frequent reactions and severe pain and tenderness of nerves with excruciating 
bone pain. Any pressure on the anterior border of the tibia, or any compression of the ulnars, or 
clavicle was so painful that tears came into the patient’s eyes. Further, he walked with a stopping 
gait owing to the constant pain. After three months the severe bone pain had completely disappeared 
and firm pressure on the large bones of the arms and legs caused no pain, nor did pinching the clavicle 
elicit any tenderness. The patient walked with an upright gait and looked well, having lost the anxious 
look of a person suffering from persistent and continuous pain. The patient’s nerve pain was almost 
completely relieved but there was still some tenderness of the nerve and occasional pain but 
not of a severe type. Two months after stopping the wheat diet this patient relapsed to his 
former distressing condition. 


Discussion. 

This experiment was conducted for a sufficiently long period to eliminate any 
possible psychological factor. Further, this factor could hardly have played any 
part of importance as the majority of patients were reluctant both to commence 
the wheat diet and continue it when it was once started. The objection may be 
made that there were no controls, but in one sense the patients themselves were 
their own controls, for none were put on to the wheat diet who had not previously 
failed to respond to palliative treatment. The very fact that there has not been 
a single complete failure in this experiment is, we think, of some significance. 
One of us (SI. D. S.) knew the condition of many of the patients intimately 
prior to the administration of wheat and can vouch for their remarkable improve- 
ment. Apart from the change in diet, there was no alteration in the living 
conditions of the patients. 

It is interesting to note that whereas the improvement in nerve pain was 
constant and frequently remarkable, there was no corresponding improvement 
in the leprosy condition. In fact the percentage of negatives (5-4 per cent) was 
very much lower than the average in the institution {20 per cent). It is admitted 
that many cases were advanced, but even so one would have expected a more 
favourable result had the wheat diet had any effect on the leprotic condition. 
Without exception those patients on wheat diet showed a very marked improve- 
ment in their general condition. This indicates that caution is necessary in 
ascribing lack of improvement in leprosy to a dietetic factor or to a poor general 
state of health. It is often suggested, with too much facility, that these causes 
underlie deterioration in leprosy, whereas the real factor is often unknown and 
needs much more intensive study. 
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The original diets of the groups showed considerable variation. For instance, 
the diet of the Anglo-Indian group was very different from that of the Indian. Yet 
the Anglo-Indian patient who had this diet in addition to the wheat (the small 
quantity of rice alone being replaced by a larger issue of wheat) showed the same 
type of improvement. All patients in the experiment were non-vegetarians, and 
consumed, prior to being given the wheat diet, ‘ ordinary rice \ that is parboiled 
rice which is known to have a higher vitamin-B 1 content than ordinary raw rice. 
It, therefore, seems unlikely that vitamin Bi was the main factor in causing improve- 
ment. Kiel (1938), Blueth (1939), and others have suggested that the administra- 
tion of vitamin Bi may prove of service in leprous neuralgia. We have been unable 
to confirm this observation and consider that the answer to the problem is not 
quite so simple. The improvement in our series of cases was probably due to a 
combination of food factors, including protein, calcium, and the vitamin-B complex. 
The relative importance of each has not yet been determined. It is further 
interesting to note that since the cessation of the experiment in August 1939 three 
cases relapsed to their former state ; one of which, the Anglo-Indian, has again 
recovered after having recommenced the wheat diet. 

Conclusions. 

The series of experiments described in this paper indicate that the administra- 
tion of a whole-wheat diet to patients with leprosy who complain of severe and 
chronic nerve and bone pain is of value and that it is worthy of a trial when other 
remedies have failed. It 'is suggested that this should be tried as a therapeutic 
measure before deciding to operate for a painful neuritis, except in cases where 
there is marked swelling of the nerve-sheath and threatened abscess-formation. 

The administration of a whole-wheat diet, in addition to the hydnocarpus 
preparations, appears to have no effect in hastening improvement in lepromatous 
cases, nor does it appear to increase the percentage of those who become negative ; 
by negative is meant the disappearance of the M. lepm from the skin and mucous 
membrane of the nose, standard methods of examination being employed. 
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The synthesis and the pharmacological study of new derivatives of 
sulphanilamide are of twofold importance. First, they help in obtaining com- 
pounds which may be superior to sulphanilamide and 2-sulphanilamidopyridine 
(M. & B. 693) or prove effective in diseases in which these drugs fail. Secondly, 
they aid in understanding the fundamental issues as the mode of action and the 
relation of the chemical constitution to chemotherapeutic action of this class of 
drugs. 

Two of the factors that limit the chemotherapeutic activity of sulphanilamide 
and hence require frequent repetition of the drug to keep up the optimum blood 
concentration are : (i) the conjugation of the drug in the body to yield the 
inactive acetyl derivative and (ii) the rapid excretion of the drug from the 
body. It is held by some workers that the therapeutic effect of sulphanilamide 
is due to its being oxidized to the hydroxylamino-, nitroso-, or nitro-derivative 
by the atmospheric oxygen under the catalytic influence of respiring tissues or 
organisms (Mayer, 1937, 1938 ; Schaffer, 1939). The object of the studies under- 
taken is to obtain suitable derivatives which, besides proving superior to 
sulphanilamide, may, in addition, serve (i) to elucidate the factors that govern 
the acetvlation and the rate of excretion of the compounds and (ii) to get an 
insight into the mechanisru of action of these drugs. In this paper are des- 
cribed the results of testing some compounds related to sulphanilamide in 

( 971 ) 



972 SidpJianilamide in Streptococcal and Pneumococcal Infections. 

streptococcal and pneumococcal infections in mice. In one class of compounds 
synthesized suitable substituents in the amino part of the molecule have been 
introduced, such that the amino radical can undergo neither acetylation nor 
oxidation. In the other class, the amido group of the molecule is substituted 
with different types of acid groupings to test how they influence the chemo- 
therapeutic activity, the blood concentration, and the rate of excretion. 


Experimental results. 

Of the many compounds synthesized (Ganapathi, 1938a, b ; 1939), seventeen 
were kindly tested by Dr. G. A. H. Buttle in mice infected with fi-hamolylic 
streptococci (Bichard’s strain) and pneumococci (type I). 

(1) 3'-methoxy-4'-hydroxybenzylidene p-aminobenzenesulphonamide. 

(2) 4-amino-5-[4'-sulphonamidophenyhzo]uracil. 

(3) 4-amino-5-[4 / -sulphonamidophenylazo]thiouracil. 

(4) 2-N 1 -sulphanilamidobenzoic acid*. 

(5) N-sulphanilyl-(/?)-phenyl-(a)-alanine. 

(6) p-[3'-methoxy-4'-hydroxybenzylamino]benzenesulphonamide. 

(7) 4-nitro-4'-aminodiphenylsuIphide. 

(8) p-[tt’-allylthiocarbamido]benzenesulphonamide. 

(9) 4 : 4'-di-[w-allylthiocarbamido]diphenylsuIphone. 

(10) Product obtained by coupling diazotized sulphaniJamide with abietic 

acid [Fieser and Campbell, 1938]. 

(11) F-sulphanilyltaurine. 

(12) 3-N J -sulphamlamidocinnamic acid. 

(13) l-lP-sulphanilamidonaphthalene 3 : 6-disulphonie acid. 

(14) 2-N , -sulphanilamidonaphthalene 5 : 7-disulphonic acid. 

(15) l-N'-sulphanilamido 8-naphthol 3 : 6-disulphonic acid. 

(16) 2-B 1 -sulphanilamido 8-naphthol 3 : 6-disulphonic acid. 

(17) 6-iSP-sulphanilamidoquinoline. 

The experimental results with the compounds that showed considerable activity 
are presented below. In all these tests, sulphanilamide was taken as the standard 
in the streptococcal and 2-sulphanilamidopyridine (M. & B. 693) in the pneumococcal 
infections in mice. 


* The nomenclature adopted in this paper is that suggested by Crossley el at. (1938). 
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Table I. 

Mice were inoculated with haemolytic streptococci {Richard’s strain) 
intraperitoneally (50,000 cocci). 


The drugs were given by mouth immediately after infection and repeated 
6 hours, 1, 2, 3, and 4 days later. 


Compound tried (number 
refers to that in the 
list). 

Number of mice dying out of a group of 6, on each 
day^ after infection. 

Survivors 

9 days. 

t 

i 

2 

3 

4 

5 

6 

7 

s 

Controls 

5 

1 

•* 

•• 

i 

•• 



0 

Sulphanilamide : 10 mg. . . 

0 

0 

0 

0 

0 

1 I 

0 

1 

4 

No. 1 : 10 mg. 

0 

0 

0 

0 

6 

0 

0 

0 

6 

i 

No. 2 : 10 mg. 

0 

0 

0 

0 

0 

3 

1 

0 

0 

3 

No. 6 : 10 mg. 

1 

1 

1 

i 

0 

0 

1 

1 

i 

0 

t 

0 

2 


Toxicity . — The drugs were tolerated by mice in 200 mg. doses. 


Table II. 

Same as the ■previous test (haemolytic streptococci). 


Compound tried. 

Number of mice dying out of a 
group of 6, on each day after 
infection. 

Survivors 
o da3 r s. 


1 

2 

3 

4 

Controls 

4 

2 

•• 

1 

0 

Sulphanilamide : 1 mg. . . ; 

0 

1 

i 

0 i 

1 

i 4 

No. 1 : 1 mg. 

0 

1 

3 

1 

1 

No. 2 : 1 mg. 

0 

2 

2 

2 

0 
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Table III. 

Mice inoculated with hsemolytic streptococci {Richard's strain) 
intraperitoneally (30,000 cocci). 

The drugs were given immediately after infection and repeated 5, 24 and 
48 hours later. 


Compound tried. 

Number of mice dying out of a 
group of 6, on each day after 
infection. 

Survivors 

6 days. 

1 

2 

4 


6 

Controls 

4 

2 

. . 

. . 

. « 

0 

Sulphanilamide : 10 mg. . .* 

0 

0 

0 

0 

0 

6 

Sulphanilamide : 1 mg. 

0 

0 

2 

0 

0 

4 

No. 4 : 10 mg. 

0 

0 

2 

1 

0 

3 

No. 4 : 1 mg. 

4 

2 

•• 


** 

0 

No. 5 : 10 mg. 

0 

0 

3 

0 

0 

3 

No. 7 : 10 mg. 

0 

0 

5 

0 


1 


Toxicity . — The drugs were tolerated in 100 mg. doses (by mouth) by the mice. 


Table IV. 


Same as the previous test (hsemolytic streptococci). 


! 

j 

! 

Compound tried. 

Number of mice out of a group of 6, 
dying on each day after infection. 

Survivors 

7 days. 

1 

2 

3 


5 

6 

Controls 

6 

* . 

, . 

. . 

. . 

. . 

0 

Sulphanilamide : 10 mg, . . 

0 

1 

0 

1 

1 

0 

3 

Sulphanilamide : 1 mg. 

0 

4 

0 

| 1 

1 

0 

0 

No. 3 : 10 mg. 

0 

i 

| 2 

1 

2 

0 

0 

1 


Toxicity . — The drug was tolerated by mice in 100 mg. doses. 
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Table V. 

Mice inoculated with pneumococci [type 1) intraperitoneally (30,000 cocci). 

The drugs were given immediately after infection and repeated otter 6 hours, 


1, 2, 3, and 4 days later. 


Compound tried. 


Number of mice out of a group of 6, dying 
on days after infection. 

2 3 4 5 6 7 8 9 10 


Survivors. 


Controls 

2 -sulphanilamidopyridine 

(M. & B. 693) : 30 mg. 
Sulplianilamide : 30 mg. 
No. 1 : 30 mg. 


0 5 0 0 0 0 0 0 0 


0000100000 


0002020001 


0012010000 


2-N'-sulphanilamidothiazol, one of the compounds synthesized and tested in 
this Institute, showed a very striking action in streptococcal and pneumococcal 
infections in mice (detailed report to be shortly published). The compounds (1), 
(2), and (3) are very slightly inferior to sulphanilamide in streptococcal infections 
in mice. The compound (1) in 10 mg. doses is at least equal to sulphanilamide 
in activity. These compounds are far less toxic than sulphanilamide. 

The compounds (4) and (5) are about half as active as sulphanilamide in 
streptococcal infections. In 1 mg. doses compound (5) possessed no protective 
power. Crossley et al. (loc. cit.) have reported, without giving details of their 
experiments, that the compound (5) is superior to sulphanilamide. The compounds 
(6) and (7) show only slight activity. 

The compounds (8) to (16) showed very little or no activity in experimental 
slrejrtococcal and pneumococcal infections when tested in 10 mg. and 30 mg. doses, 
respectively. The quinoline derivative (17) was extremely toxic, a single dose of 
5 mg. and also 2-5 mg. killing one out of two mice in each experiment and only a 
dose of 1'25 mg. not proving fatal. In 0*5 mg. doses its therapeutic activity was 
practically nil. ' J 

. ^e only compound of the series that showed striking activity in pneumococcal 
infections was 2-sulphanilamidothiazol which is as active as 2-sulphanilamirln 
pyridine (M. & B. 693). This indicates that for pronounced therapeutic action 
in pneumococcal infection a pyridine or probably a heterocyclic ring in the 
sulphonannde part is essential. J b 
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Discussion. 

The common denominator for the striking antibacterial action of the aromatic 

sulphur compounds appears to be the grouping — — . The other 

structural or physico-chemical details which govern the degree of therapeutic 
activity have not been thoroughly elucidated though some empirical rules have 
been formulated within a narrow range of structural changes (Buttle et al., 1938 ; 
Crossley et al., loc. cit. ; Marshall, 1939a, b ; Rosenthal et al., 1939 ; Trefouel 
et al., 1937a). The results recorded here have brought to light some interesting 
points. 

It has been shown by Trefouel et al. (1937a) that the modification of the amino 
group in sulphanilamide into a formyl, acetyl, or urethanyl derivative decreases 
the therapeutic activity to a great extent. The conversion of the amino group into 
a urea derivative destroys the activity, the symmetrical urea derivative obtained 
from sulphanilamide (1192 F.) being inactive. In accordance with this, the con- 
version of the amino group into the allylthiourea derivative completely destroys the 
activity — p-[w;-allylthiocarbamido]benzenesulphonamide (8) and 4 : 4'-di-[w-aIlyl- 
thiocarbamido]diphenylsulplione (9) being inactive, although allylthiocarbamide 
(‘ thiosinamine ’) itself is known to possess definite anti-streptococcal properties. 
This indicates that the accumulation of therapeutically active groups in the same 
compound does not increase the activity. 

Gray, Buttle and Stephenson (1937) tested a series of Schiff’s bases derived 
from sulphanilamide and found that their anti -streptococcal activity was about equal 
to that of sulphanilamide, some being a little more and some a little less active, 
but these compounds were uniformly far less toxic. To see whether the presence 
of the guaiacol residue will enhance the therapeutic activity of the anils, 4'-hydroxy- 
3'-methoxybenzylidene p-aminobenzenesulphonamide (1) was tested and found 
to be very slightly inferior to sulphanilamide but far less toxic. That the presence 
of the guaiacol residue does not influence the therapeutic activity is shown by the 
fact p-P'-methoxy-f'-hydroxybenzylaminojbenzenesulphonamide (6) is found to 
be far inferior to the parent p-benzylaminobenzenesulphonamide (‘ Proseptasine ’). 

The results so far obtained indicate that the substitution in the amino part of 
the molecule in sulphanilamide does not greatly enhance the activity (Buttle, 
1939a, b ; Marshall, loc. cit.). Of such amino substituted compounds, the Schifi’s 
bases appear to be the most active and least toxic. It is, however, to be settled 
whether the activity of these compounds is due to the hydrolysis to sulphanilamide 
in vivo and whether their apparent low toxicity is due to the poor absorption in the 
system as a result of their low solubility (Feinstone et al., 1938). 

In compounds with acid groupings as substituents, active derivatives appear 
to be produced only among derivatives of p-aminobenzenesulphonanilide with 
carboxyl- or sulphonic acid groupings in the second benzene ring in the ortho position. 
Thus N-sulphanilyltaurine (11) and N-sulphanilylglycine are devoid ol activity 
(Bauer and Rosenthal, 1938 ; Cooper et al., 1938), while N-sulphanilyl-(/3)-phenyl- 
(a)-alanine (5) is about half as active as sulphanilamide. Crossley et al. {loc. cit.) 
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have reported that 2-N ] -sulphanilamidobenzoic acid (4) is superior to sulphanilamide 
but we find it to be only inferior. It is unexpected that S-lSF-sulphanilamidocin- 
nainic acid (12) is devoid of activity, while cinnamic acid radical by itself has been 
claimed to possess strong bactericidal properties (Jacobson, 1929). Crossley etal. 
{loc. cit.) have recorded that 4-N 1 -sulphanilainidonaphthalene 1-sulphonic acid is 
as active as sulphanilamide, 2-sulphanilamidonaphthalene 5-sulphonic acid is 
slightly inferior and 2-sulphanilamidonaphthalene 6-sulphonic acid is toxic. We 
find that the presence of one more sulphonic acid grouping (13 and 14) and an 
additional hydroxyl grouping (15 and 16) in such compounds destroys the 
activity. 

There is some difference of opinion regarding the thesis that ‘ Prontosil ’ and 
related azodyes act only by being broken down in the system to sulphanilamide 
(Long and Bliss, 1937 ; Rosenthal et al., loc. cit . ; Feinstone et oil., loc. cit . ; 
Fuller, 1937 ; Domagk, 1936, 1937a. 6 ; Buttle, 1939a, b). This assumption 
requires that the action of the azodyes carrying the benzenesulphonamide group 
should persist in all the dyes irrespective of the nature of the other component, 
provided the latter does not hinder the postulated reduction of the azo linkage in 
the body. Trefouel et al. (19376) studied a series of azodyes of the Prontosil group 
and have found that their activity does change according to the nature of the 
substituents in the benzene ring of the coupling component. We also find that 
w r hile the dyes (2 and 3) obtained by diazotizing sulphanilamide and coupling with 
4-aminouracil and 4-aminothiouracil respectively are just as active as sulphanil- 
amide, that obtained by coupling with abietic acid (10) is inactive. Similarly, the 
dyes obtained by diazotizing sulphanilamide and coupling with p-hydroxybenzene- 
sulphonamide, 8-hydroxvquinoline (McLeod, 1938), and 2 : 6-diamiuopyridine 
(Fosbinder and Walter, 1939) possess no activity. These indicate that the 
therapeutic effect of the dyes of this group cannot as a rule be traced to their 
reduction to sulphanilamide. 

The striking therapeutic properties of 2-sulphanilamidopyridine (M. & B. 693) 
gave the impetus to search for active compounds among the quinoline, isoquinoline, 
and acridine groups. S-lSP-sulphanilamidoquinoline (17) was extremely toxic (about 
40 times as much as sulphanilamide) and in 0'5 mg. doses it was inactive. 
De and Basu (1938) have also reported that S-lSP-sulpliamlamidoqiiinoline is 
extremely toxic, its therapeutic properties being negligible. These derivatives 
with substituents in these two active positions of quinoline having proved to 

be of no use, it appears doubtful whether other quinoline or even isoquinoline 
derivatives may be of any use at all. 


SUMMARY. 


i I 1, .^implications of the synthesis and study of derivatives related to 
sulphamlamide have been outlined. ea to 

, f ’ Tlie -results of testing seventeen compounds related to sulnhanilamide in 
streptococcal (homiolytic) and pneumococcal (type I) infections in mC Tv • 

In strvtococcal infectious, three conrpoundXe’been 
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active than sulphanilamide but far less toxic. 2-sulphanilamidotliiazol showed 
striking activity against the streptococci and pneumococci comparable to that of 
2-sulphaniIamidopyridine (M. & B. 693). 

3. The relation of chemical constitution to therapeutic action as revealed 
by a study of the above compounds has been pointed out. 
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This paper is based on biochemical, dietetic, and clinical studies of 75 cases 
showing albuminuria during the last trimester of pregnancy. It also includes 
parallel observations made on a control series of 25 normal gravidas at about the 
same period of gestation. The 75 cases studied fell into the following seven 
groups : — 

1. Eclampsia . — These showed signs and symptoms of severe and acute 

toxaemia. Fifteen out of the 17 cases belonging to this group had a 

sudden onset and severe convulsions. 

2. Nephritic toxcemia . — These showed signs and symptoms of chronic 

renal failure (13 cases). 

3. Albuminuria with toxic injury to liver . — These showed signs of severe 

toxmmia, albuminuria with jaundice (8 cases). 

4. Albuminuria with pyelitis complicating pregnancy . — (2 cases). 

5. Albuminuria with diabetes mellitus . — (2 cases). 

6. Albuminuria with malignant malaria . — (1 case). 

7. Albuminuria of unhnown origin, with or without mild symvtoms of 

toxcemia . — (32 cases). * J 


Biochemical examination of blood included, estimation of total protein i,™ 
nitrogen, non-protein nitrogen, creatinine, uric acid, sugar, calcium inoran2 

( 979 ) ’ & 



980 


Toxcemias of Pregnancy. 


phosphorus, haemoglobin, van den Bergh reaction, and pH. In addition, in several 
cases urea clearance was carried out. For purposes of the above estimations blood 
was withdrawn from the patient’s arm and it was citrated. Urea was determined 
by the urease titration method. Cholesterol by May and Ward ell’s method using 
whole blood and pH determination was colorimetric. Calcium was determined 
by the Clark and Collip modification of Kramer and Tisdall’s method ; phosphorus 
was determined by Bodansky’s method. For the estimation of remaining consti- 
tuents, a protein-free filtrate was obtained from the whole blood by the method 
of Folin and Wu and determination made by the Folin-Wu system. Wherever 
possible a second sample of venous blood was obtained after delivery. In a few 
cases a third sample was also taken when the patient was well on the road to recovery. 
In cases who were acutely ill and died a few hours after admission, a second deter- 
mination was not possible. Excretion of vitamin C in the urine was made, using 
2 : 6 dichlorphenolindophenol-titration method. A full chemical and microscopic 
examination of the urine was done in each case. A blood smear was also examined 
from each case. 

The dietary habits of the patients were inquired into soon after their admission 
to hospital, either from the patients or their attendants. The following points 
were particularly noted in each case : — 

( i ) Quantity of food consumed. 

(ii) Humber of meals per day. 

(Hi) Addiction to tobacco, betel, alcohol, or opium. 

( iv ) Quantity and type of fat consumed. 

( v ) Quantity of carbohydrates consumed. 

(vi) Quantity and type of proteins consumed — animal and vegetable. 

( viz ) Quantity of fruits taken. 

(viii) The social position of the patient. 

In each case a thorough physical examination was made which not only 
provided clinical data for the inquiry but also helped in assessing the nutritional 
state of the patient. It must be stated here that remarks offered on the diet of 
cases studied are not based on weighment of food consumed but on the approximate 
weights of different constituents of food as stated by the patients or their attendants. 
Practically all the patients, toxsemic as well as the controls studied, belonged to the 
social stratum which seeks admission to the non-paving wards of State Hospitals 
or attends at Health Centres. The diet of women of this class in the Punjab 
whether they be vegetarians or non-vegetarians consists mostly of carbohvdrate- 
rich cereals, particularly atta (wheat flour), of which an adult will consume 12 to 
14 ounces every day. Rice is taken but rarely and usually at the expense of the 
atta ration. About two ounces of pulses (dhall) are also taken. Even in non- 
vegetarian Hindu homes women rarely take meat and amongst the poor Moham- 
medans, the quantity of meat purchased for the family as a whole is so small 
that the wife’s share would hardly be an ounce or so and that even not daily. On 
an average she would get \ to ounce of ghee and a similar quantity of vegetable 
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oils. About four ounces of vegetables will be consumed and tbe proportion between 
green leafy vegetables and other ordinary vegetables, like potatoes and onions, 
varies. The consumption of curds would hardly come to one ounce per day. For 
vegetarians average amount of milk or butter-milk consumed would come to about 
4 ounces per day and of raw vegetables and fresh fruit together about two ounces 
per day and that too not all the year round. The diet of cases from rural areas 
will contain practically no meat or fruit but will be richer in butter-milk. Taking 
all the year round a greater variety and quantity of vegetables are consumed in the 
urban than in the rural areas. The consumption of gurh or sugar would be from 
i to 1 ounce per day. The diet of both the controls and the toxaemic cases was 
poor in ‘ protective foods ’. Milk and milk products, fruit and to a lesser extent 
green vegetables, were consumed in insufficient quantities and eggs were taken 
but very rarely. 

The foregoing diet represents on the whole about 2,000 to 2,200 calories. It 
indicates the food consumed by the class of women who constituted the controls 
in this investigation, a class which represents economically the great bulk of the 
female population of Northern India. The diet of the majority of the toxaemic 
cases studied fell short of this standard in caloric value and in the amount of pro- 
tective foods consumed. 

Tables I to IV give the main data gathered in this investigation (see end of 
paper). 

Important findings in the groups above mentioned and in the normal controls 
were as follows : — 

Group I. Eclampsia . — In this group of seventeen cases there was no nitrogen 
retention in the blood, although figures for urea nitrogen, non-protein nitrogen, 
creatinine, and uric acid, were higher than in the normal controls, yet they were 
within the normal range. Total proteins were considerably depressed. Serum 
calcium showed a marked fall. The urine in all cases showed a good concen- 
tration as evidenced by normal specific-gravity figures and urine urea. Ten 
cases showed no vitamin-C excretion in the urine, and in seven the excretion 
was markedly sub-normal. 

Ten patients were vegetarians and seven were mixed eaters. The diet ordinarily 
taken before illness was ill balanced in every case, carbohydrates preponderating 
over other constituents. The quantity of food ingested for several months pre- 
ceding illness was short even of caloric needs approximately 1,300 calories per day 
The proteins consumed were of a low biologic value and quantitatively inadequate. 
Fresh fruit was absent from the dietary of all these cases. The average intake ' of 
proteins in the case of vegetarians was 38 g. per day and in the case of mixed eaters 
* g. Nine patients could not afford milk and had not taken it for months. One 
of these showed carpo-pedal spasm and other signs of tetany. Serum calcium in 
his case stood at 7-9 mg. per cent. None of the patients were drug addicts. All 
patients had spongy gums and some carious teeth. 

per cent Crnal mortality in tMs § rou P was 16 ‘ 6 P er ceM and infant mortality 50 
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Group II. ’Nephritic toxaemia. — There were thirteen eases in this group. The 
patients were a little older on the average than the eclamptic cases. Biochemical 
findings showed nitrogen retention in the blood ; urea N., N. P. N., creatinine, 
and uric acid, reached their highest limits in this group. Total proteins showed 
diminution but stood at a higher level than that found in the eclamptics ; serum 
calcium was below normal but stood at a higher level than what was found in the 
eclamptics. Urea-clearance test was done on nine cases and showed uniformly 
low clearance values. Patients were more anaemic than the eclamptics. 

The specific gravity of the urine in these cases was low. Urine urea was much 
below normal. Albumin was found in smaller quantities (0*184: per cent) in the 
urines of this group than in the eclamptic. Six cases showed no excretion of 
vitamin C in their urine and seven had a sub-normal excretion. 

Diet consumed by this group was a little better than that consumed by the 
eclamptic group in that approximately four ounces of milk or curds per day were 
consumed by almost every case in this group. Average protein in the diet was 
50 g. per day and the average caloric value of the diet 1,660. Previous history of 
renal damage was elicited in all but two cases. Maternal mortality was 18-8 per 
cent, infant mortality 45-45 per cent. 

Group III. Albuminuria with toxic injury to liver.- — In this group of eight cases 
there was no nitrogen retention in the blood. Urea nitrogen, N. P. N., creatinine, 
and uric acid, were all within the normal range being higher than in the normal 
controls but lower than in the eclamptic and nephritic groups. Total proteins 
were present in about the same concentration as in the control group. Blood 
calcium, although lower than in the normal controls, was decidedly higher than in 
the nephritic and eclamptic groups. Blood pressure too was lower in this group 
than in the preceding two groups. Hemoglobin values were higher in this group 
than in the preceding two groups. There was more acidosis in this group and the 
pH stood at 7-4. 

Urine urea and the specific gravity of urine were within the normal limits. Two 
cases showed excretion of leucine and tyrosine crystals in their urine. They died 
of acute yellow atrophy of the liver as revealed by post-mortem examination. In 
no case of this group was vitamin C present in the urine. 

Diet consumed by patients in this group prior to development of toxaemia was 
practically of the same caloric value and protein content as that consumed by the 
controls. 

Maternal and infant mortality was 60 per cent. 

Group IV. Albuminuria with pyelitis. — There were two cases in this group. 
There was no nitrogen retention in the blood. Total proteins stood at the same 
level as in the normal controls. There was hypo-caleaemia and a slight rise in 
blood phosphorus. The specific gravity of urine was normal. There was no 
excretion of vitamin C in the urine. The diet was poor in calories (average 1,260) 
and particularly in * protective foods ’. 

Group V. Albuminuria with diabetes mellitus. — There were only two cases. 
Both were drowsy and on admission showed albuminuria and died in coma. The 
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diagnosis of diabetes was made on biochemical findings. One of these cases had 
had three pregnancies — first child still-born, second delivery by craniotomy, third by 
Caesarean section. Biochemical investigation showed no nitrogen retention in the 
blood. Blood proteins were present in nearly the same concentration as in the 
control group. Blood sugar and blood cholesterol were high in both cases. Serum 
calcium was low in one case but was normal in the other. Phosphorus was very 
much the same in both. The cases were definitely anaemic. Acidosis was present, 
the pH standing at 7 ‘4. There was acetonaemia — the total acetone bodies in the 
blood standing at 5 mg. and 6 mg. per cent. Blood films did not show any haemo- 
parasites. Specific gravity of urine was much raised. Urine contained small 
quantity of albumin. Urine urea showed a normal concentration in one and a low 
concentration in the other. Urine sugar was 1*5 per cent and 1*8 per cent, res- 
pectively. There was marked acetoneuria, indicanuria, and urobilinuria. There 
was no excretion of bilirubin or bile salts in the urine. The dietetic history of both 
cases pointed to a diet rich in carbohydrates but poor in protein and mineral 
content. 

Group VI. Albuminuria with malignant malaria. — There was only one case. 
The patient was admitted as a case of pregnancy toxaemia. She had albuminuria, 
generalized anasarca, marked anaemia, and spongy pyorrhoeaic gums. Her blood 
pressure was 110/75. She had a systolic haemic murmur and enlarged liver and 
spleen. She became drowsy, comatose, and died. Her blood film showed many 
malignant tertian rings. There was no vitamin-C excretion in the urine. Indican 
aria and urobilinuria were present. ' ' 

She was a poor woman and subsisted mainly on atta, salt, and pepper. 

Group VII. Albuminuria oj unknown origin. — In this group of thirty-two 
cases, there was no hypertension and no nitrogen retention in the blood. Serum 
calcium and phosphorus were about normal. Total proteins were below normal. 
Twenty-five patients suffered from nutritional anaemia of pregnancy. The haemo- 
globin in these cases was either 50 per cent or below, the lowest figure being 35 
per cent. Urea-clearance test was performed in two cases and a mild renal deficit 
was found in each. Vitamin-C excretion was normal in three cases, sub-normal 
m seventeen cases, and no excretion in twelve cases. 

The caloric value of the diet consumed averaged 1,600 per day and was 
relatively poor in ‘ protective foods ’. 

Maternal mortality in this group was 5 -88 per cent. Infant mortality was 
10-5 per cent. 

, The diet of the controls (women attending Health Centre) was also poor in 
protective foods 5 and not properly balanced particularly in respect of animal 
P rot ® ms - Figures for total protein and haemoglobin were lower than those quoted 

m the West, and average haemoglobin content of blood in this groun was 10-6 mo- 
per cent r 


Discussion. 

lM^ T ° XaimiaS of P re S nanc y are of fairly common incidence in India Of fiftt 
labour cases treated- in the Lady Willingdon Hospital, Lahore, dmbg. 1937, at- 

11 


J, MR 
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many as 108, viz., 16-4 per cent showed signs of toxaemias. Of this number 14 
or 2” 1 per cent were cases of eclampsia. The incidence of eclampsia in Bombay 
according to Mehta (1936) is 0 - 05 per cent, in Madras it is 1-75 per cent as recorded 
by Kingston and Mudaliar (1927), and according to Balfour (1927) it is 4*1 percent 
in Calcutta. The Punjab appears to occupy a position mid-way between Madras 
and Calcutta in the matter of incidence of eclampsia and the same may be true of 
the incidence of toxaemias of pregnancy. 

In spite of an enormous amount of investigation, the aetiology of this important 
morbid condition is still obscure. The investigation under report financed by the 
Indian Research Fund Association was undertaken with a view to find out whether 
a study of the diet and the chemistry of blood and urine of pregnant women in 
India could throw auy light on the aetiology of these disorders. The biochemical 
findings of the 25 controls given in Table II show that our figures for the total 
proteins of blood and for calcium are lower than those in the West and the same 
is true of haemoglobin. The relative deficiency noticed in the controls is 
aggravated in cases of toxaemias. Ill-balanced and inadequate diets may arise as 
much out of want, as from ignorance and bad habits. The deficiencies observed 
in the poorer class of cases studied may also be found amongst the well-to-do 
people due to lack of care in diet construction. That this investigation was 
apparently concerned with the class of patients treated free of charge in State 
Hospitals must not suggest that the toxaemias of pregnancy only affect the poor. 

Are these deficiencies causally related with manifestations of toxaemias of 
pregnancy ? The information obtained regarding the diet of cases studied showed 
such imbalance and deficiencies as could account at least for some of these mani- 
festations. The diet was deficient in protein, calcium intake, and vitamins, even in 
controls and more so in the toxsemic group. Hypo-proteinaemia can account for 
oedema and possibly some of the symptoms of encephalopathy as has been shown 
by Strauss (1938). Mcllory (1936) quotes Stroganoff who emphasizes the 
importance of myoneural irritability and vaso-spasm ; mentioning hypo-calcaemia 
as one of the predisposing factors. Sub-normal serum calcium values in eclampsia 
and to a lesser extent in nephritic and pre-eclamptic toxaemia in England were 
reported by Anderson (1932) and this investigation has given similar results in the 
case of Indian women. Low haemoglobin by causing injury to the renal filter, 
through anoxaemia, may account for albuminuria, a fact also stressed by McCay 
(1912) while discussing the effect of low protein dietary in Bengal. Renal ischaemia 
resulting from vaso-spasm may also cause the appearance of albumin in urine. 
Mcllory (loc. cit.) quotes de Wesselow and Wayatt as saying that generalized vaso- 
constriction affecting the kidneys causes local ischaemia and ( parenchymatous 
changes. 

These and other defects of the biochemical picture could arise from quantitative 
and qualitative malnutrition or both. Particularly important in this connection 
would be sequelae of hypo-vitaminoses B t and C. 

The emphasis laid in some quarters on the importance of the internal secretions 
in the aetiology of toxaemias of pregnancy could reasonably be shifted to the 
plane, of dietetics. The role of different vitamins in promoting the function- of 
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different endocrine glands has been brought out by recent investigation. The 
probable influence of vitamin B x on the optimal functiomng of the pituitary as 
mentioned by Siddall (1938) ; the relationship between vitamin B l and thyroid 
activity as reviewed by Carpenter and Sharpless (1937) ; the presence of vitamin 
C in high concentration in the adrenal, the pituitary and the corpus luteum, the 
probable mode of action of vitamin D through parathyroid stimulation as shown 
by Taylor et al. (1932) ; the possible relationship of vitamin E to anterior hypo- 
physis and thyroid as shown by Rowland and Singer (1936) and Singer .(1936), 
and finally the relationship of vitamin E to gonadal activity, all point to the 
importance of the dietary factor in the ultimate causation and control of disorders 
like the toxaemias of pregnancy, be it through the endocrine mechanism or through 
factors outside the range of hormonic influence. The association of hypo-vitaminosis 
Bi with the etiology of toxaemias of pregnancy and the effect of vitamin D and 
calcium therapy in pregnancy toxaemias has been studied by Siddall (Joe. cit.) and 
Theobald (1937), respectively. In another paper Theobald (1936) associates the 
development of toxaemic symptoms with a meat diet, a disturbance of calcium 
metabolism, and an insufficient intake of vitamin-B complex. The almost con- 
sistent" finding in the cases studied of complete or almost complete disappearance 
of vitamin C in the mine, is a finding of great importance. Vitamin C is one of the 
most active catalytic and de-toxicating agents in the body. The human subject 
is incapable of synthesizing it in the body and it must be supplied through ingested 
food. Its deficiency in all probability plays an important role in the causation of 
toxaemias of pregnancy. Metabolic disorders of known and unknown aetiology 
injure important organs like the liver and kidneys. Infections and sub-infections 
complicate the picture of toxaemias and create the many subdivisions of this disorder 
recognized in the textbooks, but behind all these complications must be recognized 
the common factor of defective or disordered nutrition "which in all probability 
sets the stage for toxaemias of pregnancy. The appreciation of this factor could 
help greatly in preventive efforts against these disorders. 


Summary. 


^ clinical examination and a detailed biochemical examination of 
blood and urine was carried out in each of the seventy-five cases suffering from 
toxaemias of pregnancy. ° 


2. Parallel observations 
at about the same period of 


were made on twenty-five normal pregnant controls 
gestation. 


3. Dietary habits of the cases studied were also noted. 

• fl 4 * H yP°-P r °tem8emia and hypo-calcaemia were the main positive findings 
vitk regard to the blood m the cases studied particularly in those^elonging to the 

“IS'o “ P gr0UPS - The " h0Wed —etion or Snle 


. 5 - T ^ e diet was deficient in £ protective foods ’ 

view of minerals, like calcium, and of the vitamins. ’ 


especially from the 


point of 
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6. The importance of disordered or defective nutrition in the probable 
causation of pregnancy toxsemias is stressed. 
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Note. In two cases of albuminuria with diabetes total acetone bodies in the blood stood at 5 mg. and 6 mg. per cent respectively. 
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Note* In two cases of albuminuria with diabetes total acetone bodies in the blood stood at o mg. and 6 mg. per cent respectively. 
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Table III. 


Statistical amlysis. 


Type. 

Total proteins 
of blood per 
cent. 

j Total calcium 

1 in blood mg, 
per cent. 

Eclampsia 

1 

4-3 ± 0-8 

! 8-27 ± 0-3 

j 

j 

i 

Nephritic toxmmia • , j 

5 ± 0-4 

• 

! 8*36 ± 0*3 

Albuminuria with toxic injury to 
liver. 

5-75 ± 0-07 

8*71 ± 0*4 

Albuminuria with pyelitis 

5-74 ± 0-02 

8*425 ± 0*175 

Albuminuria of unknown origin 

6-47 ± 1*1 

8*89 ± 0*8 

Normal controls 

5-8 ± 0-04 

9*2 ± 0*2 



Chemical examination oj urine. Seventy-jive cases oj pregnancy and 25 normal pregnant controls. 



unknown origin. 
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Adrenaline, as judged by the fading out of its pressor action, has long been 
inown to be rapidly destroyed in vivo. If the mechanism of this destruction could 

of r^r^t e “ dev,3e means *° prolong tte bioi °» cai 

A study of the behaviour of the salts of adrenaline in aqueous solution to 
serobic oxidation might be counted among the first attempts to understand the 
mechanism destroying the drug. Cumulative evidence points to the S that tn 
alkaline pH (Sugawara, 1928-29) and metallic ions, notably Cu and T?! m i 
* 1932 i ScMd . 1»»>. catalyse the rapid o “ 

. In mtro experiments have revealed that the capacity whieL 
fssue Surds possess to catalyse the oxidation of adLdineTdlffe 
while the mammalian vascular tissue greatly accelerated adr^noV ^ us > 

m vUm (Tatum 1912), Mood serum and plasma have been fornd to r. ' 8 
much. diminished degree due to adsorryfirm fiv +• r ^ ^ ^ very 

in the whole blood (Bain et al., 1937). & 10n ° ac ^ rena bne by corpuscles 

. . Similarly, it has been recorded by several invpsfin-n+rvrc, +l ± r. . 
injection, adrenaline is rendered biologically inert whila after intra-arterial 

liver or intestines. ^ ^ while circulating through the 

Growing literature on the subieot fpnrlQ . . 

adrenaline by animal tissues might be traceable ultwT t , hat , tlle destruction of 
therein, especially phenolases and/or amine oxidase ' Tf T L ^ SJ5ecific enzymes 
Riese types of enzymes oxidize adrenaline, although in n l ™™ now that both 
The , phenolases oxidize the hydroxyls in the eatefhol rStt? manners - 

( 997 ) ' (Neuberg, 1908 ; 
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Heard and Raper, 1933), and the amine oxidase the side chain (Richter, 1937) 
of the adrenaline molecule. To the former category must be added the cytoehrome- 
indophenol system, so common in all animal tissues. The mechanism of this type 
of oxidation according to Green and Richter (1937) is as follows : — 





C-How 



(OFtTHo^uiNoNe^) (A DR ENOCH Rome) 


Studies on the occurrence and distribution of phenolases (Bhagvat and Richter, 
1938) and amine oxidase (Blaschko et al., 1937) in the animal organism suggest 
that among the varied physiological roles of these enzymes, one might be the 
oxidation of adrenaline. A significant observation has been made by Weinstein 
and Manning (1937) that a substance with the properties of protocatechuic acid 
appeared in the urine of rabbits to which adrenaline had been administered. It 
would appear, therefore, that the adrenaline molecule is oxidized in the side chain 
by an enzyme, probably amine oxidase. 

With the development of our knowledge that the destruction of adrenaline 
in vivo is essentially an enzymatic process, protector mechanisms capable of in- 
hibiting this process have come to light. In his experiments on hexuronic acid 
(ascorbic acid) then isolated by him, Szent-Gyorgyi (1928) showed that the pigment 
formed by the oxidation of adrenaline by a peroxidase system was prevented 
effectively by the presence of ascorbic acid. When this vitamin was all oxidized 
in the system, only then did the normal oxidation of the hormone start. Similarly, 
the capacity of adrenaline to act as a carrier in the coupled oxidation of substrates 
with catechol oxidase has been demonstrated by Richter (1934). The oxidation 
of ascorbic acid in such a coupled system proceeds at the expense of the adreno- 
quinone (the o-quinone of adrenaline) which is momentarily formed and as rapidly 
reduced back to adrenaline. Thus, the action of adrenaline is catalytic. Hence, 
as long as enough ascorbic acid is available in the reduced state to accept oxygen, 
adrenaline remains intact. This has been confirmed by Clark and Raventos (1939) 
who found that the addition of one part per million of ascorbic acid to three parts 
per 100 millions of adrenaline was sufficient to reduce to one-fourth the rate of 
oxidation of adrenaline in a bath containing strips of frog’s auricle suspended in 
10 c.c. of a modified Ringer’s solution, as well as in the case of a wetted auricle 
strip. Bacq (1936), however, found that reduced ascorbic acid which stops 
oxidation of adrenaline in vitro, does not sensitize in vivo, and thought that this 
was due to the instability of ascorbic acid therein. But the correct explanation 
might be, as also suggested by Iyengar and Multerji (1939), that the oxidation 
of adrenaline in the animal body is mostly due to amine oxidase, against which 
ascorbic acid does not afford protection to the amine. Akin to ascorbic acid, 
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Bacq (he. cit.) found that a number of other reducing agents, like pyrogallol, 
also increased the duration of adrenaline action. . p . ... 

As already indicated, amine oxidase disrupts the side chain of adrenaline y 
oxidative de-methyl amination to an aldehyde and methylamme (Richter, 1937). 
The reaction may be represented by the equation 



CHOH-CHO 

+ « h. 


As regards the mechanism of this enzyme action in relation to substrate 
configuration, Blaschko et al ( loc . cit.) observed that only compounds containing 
an amino-group at the end of a hydrocarbon chain were oxidized by amine oxidase, 
while compounds with a substituent on the crearbon atom, such as isopropylamine, 
benzedrine, and ephedrine, were not so attacked. These authors also found that 
ephedrine, by itself not a substrate for amine oxidase, still had a marked influence 
in di mi nishing the activity of the enzyme towards adrenaline in vitro , 

Gaddum (1938) has attempted to extend the application of the protective 
action of ephedrine on the system adrenaline-amine oxidase to in vivo conditions. 
In collaboration with Kwiatkowski (Gaddum and Kwiatkowski, 1939), he has 
obtained experimental evidence which suggests that adrenaline is the chemical 
transmitter liberated at the neurocytal junction of adrenergic nerves, just as 
acetylcholine is the chemical transmitter liberated at the neurocytal junction of 
cholinergic nerves. By an improved method of perfusing the rabbit’s ear, these 
authors showed that stimulation of sympathetic nerves in this preparation caused 
vasoconstriction, and the liberation of a substance, identified to be adrenaline, by 
a • delicate colorimetric test. Ephedrine increased the yield of the substance 
liberated by the nerve-endings. 

Previously, many authors had observed that ephedrine, when given along 
with or prior to a dose of adrenaline, potentiates or prolongs its action. Thus, 
Pak and Tang (1933) found that the application of ephedrine to rabbit’s eye sen- 
sitized the pupil to a subsequent application or injection of adrenaline. On 
the contrary, ephedrine in high concentrations has been found to antagonize 
adrenaline action instead of potentiating it (Curtis, 1929). 

The short review of literature presented reveals that the process (or processes) 
by which adrenaline is destroyed in the animal body is very complex and has only 
been partially understood. It is yet to be shown whether the different enzymes 
catalysing adrenaline destruction are present and operate individually or collectively 
at the seat of adrenaline liberation, namely, the adrenergic nerve-endings, or whether 
they attack the drug in circulation. 


Our approach to this problem was initiated by the observation previouslv 
made by one of us (J. C. D.) that the rise in blood pressure in cats, when adrenaline 
was nqected after cotarnine, was much higher and more prolonged (Dey et al 
1934). Incidentally, some more experiments in this direction indicated that the 

J ’ “* 12 
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potentiation of adrenaline effect can be produced hy cotarnine derivatives 
as well. 

We have now obtained further experimental proofs to show that ephedrine 
inhibits the enzymatic destruction of adrenaline. This has involved a study of 
the effects of small doses of ephedrine. such as by themselves would have no appreci- 
able pressor effect, when injected intravenously into anesthetized and decerebrate 
dogs, on the destruction of adrenaline in the presence, severally of (I) phenoloxidase 
as present in a preparation from the seeds of Dolichos labhb and (II) amine oxidase 
from (or) defibrinated blood and (b) guinea-pig’s liver. 


Experimental. 

I. Effect, of ephedrine on system adrenaline-phenol-oxidase. 

Enzyme. — A phenolase preparation was made according to Bhagvat (1938). 
Ten grammes of the seed meal of Dolichos lablab were extracted with 100 c.c. of 
a 5 per cent solution of sodium chloride for 24 hours in the ice-chest. The extract 
was filtered and the clear filtrate used as the source of the enzyme. 

Reaction mixtures. — {a) To 91 c.c. of the enzyme preparation was added 0-5 c.c. 
of 1 in 1,000 adrenaline hydrochloride, so that if I c.c. of the finally diluted solution 
be given intravenously, the dose would be 0’05 mg. of adrenaline hydrochloride. 
This solution was the control. (6) To the same solution in another test-tube was 
added 2 mg. ephedrine hydrochloride, so that 1 c.c. contained, in addition to 
0-05 mg. adrenaline hydrochloride, 0'2 mg. ephedrine hydrochloride. (This dose of 
ephedrine does not produce any appreciable rise in blood pressure when given 
intravenously to dogs under anaesthesia). The pH in both the test-tubes was 
about the same and ranged from 5-9 to 6*1. 

The two test-tubes were kept immersed in a thermostat at 38°C. Within a 
minute a red colour was produced in both the test-tubes and subsequent injection 
of these solutions into an anaesthetized or decerebrate dog showed a progressive 
decrease in blood pressure. 

Inhibition of oxidase. — If a stabilizer like HCN was used in sufficient concentra- 
tion, e.g., 10~ 2 M cyanide in the above experiments, the production of red colour 
was totally inhibited and the original pressor effect of adrenaline was kept up. 
Similarly, if enough ascorbic acid was added, i.e., 0 - 35 mg. per c.c., the formation 
of adrenochrome was again prevented even after 135 minutes. When the HCN 
concentration was reduced from 1(T 2 M to 10~ 3 M, the colour was produced, but at 
a slower rate and even slower in the presence of ephedrine. 

The observed rapid oxidation of adrenaline in the above experiments and the 
effective inhibition of such oxidation by ascorbic acid or HCN — either of which does 
not inactivate amine oxidase — clearly prove that the enzymes herein responsible 
for the oxidation are the phenolases. Among these, catechol oxidase, present 
in almost all plant tissues and to a limited extent in animal tissues, is known to 
oxidize adrenaline directly (Heard and Raper, loc. cit. ; Bhagvat and Richter, he. cit.) 
as does tyrosinase (Abderhalden and Guggenheim, 1908). The same effect can 
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be brought about by indophenol oxidase only through the intermediation of 
cytochrome (Green and Richter, loc. tit.). Dolichos lablab is known to contain 
besides catechol oxidase, tyrosinase (Narayananlurthi and Ramaswami Ayyar, 
1929). Hence, the oxidation of adrenaline by the Dolichos preparation is to be 
attributed to catechol oxidase and/or tyrosinase. We cannot, therefore, assume 
with Iyengar aud Mukerji (loc. tit.) that the observed effect is due to indophenol 
oxidase. This enzyme is essentially of animal origin and its presence and that of 
its essential counterpart, cytochrome, have yet to be shown in Dolichos lablab. 

Our finding that, in the presence of ephedrine. destruction of adrenaline is 
slowed in the enzyme mixture has been constant (Graph 1). Tt is difficult to explain 

Graph 1. 
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this observation, unless it be that ephedrine to some extent reduces the enzyme 
activity of the phenolase also. But, in the absence of cyanide, ephedrine is unable 
to restrain to any extent the destruction of adrenaline by Dolichos enzyme. It 
may be that, when enough cyanide is present to inactivate most of the phenol 
oxidase, ephedrine may exert some retarding action on the enzyme. This effect 
appears to be somewhat similar to the one produced by a mixture of inhibitors 
first observed by Heard and Welch (1935) and later confirmed by Blaschko 
et al. ( loc . cit.). 

II. Effect of ephedrine on the system adrenaline-amine-oxidase. 

(а) Defibrinated blood as source of the enzyme . — To 18 c.c. of Locke’s solution 
containing defibrinated blood in a test-tube were added 1 c.c. of 1 in 1,000 
adrenaline hydrochloride solution and 1 c.c. of M/50 HCN to make up the volume 
to 20 c.c. so that 1 c.c. of this mixture contained 005 mg. adrenaline hydrochloride 
and 1 0~ 3 M HCN. The pH of this solution ranged from 7‘5 to 7'7. This was 
the control. To another test-tube containing this solution was added ephedrine 
hydrochloride to give a concentration of 0'2 mg. per c.e. Both the tubes were 
kept at 38°C. in a thermostat. Oxygen from a cylinder was passed in a continuous 
stream for 15 minutes even before the addition of any of the drugs, as it was found 
that in the absence of oxygenation the destruction of adrenaline was extremely 
slow (Sugawara, loc. cit.). Anaesthetized and decerebrate dogs were given intra- 
venous injections of 1 c.c. each of the control and the ephedrine : containing solutions 
at intervals of time, and the blood pressure recorded. The ephedrine-containing 
solution was given only after an appreciable destruction of adrenaline had taken 
place, for, if ephedrine was given earlier, it often modified the rise in blood pressure 
due to a subsequent injection of adrenaline. 

Graph 2 shows the rise in blood pressure in both cases after incubation for 1G5 
minutes. The destruction of adrenaline is shown to be definitely retarded, but not 
completely inhibited, by the addition of a small dose of ephedrine which does not by 
itself have a pressor action. In other cases where the destruction of adrenaline 
in the control was very slow, ephedrine completely inhibits the destruction of 
adrenaline. In the experiment illustrated by the graph, the explanation for the 
incomplete inhibition of adrenaline destruction may be, either HCN was insufficient 
to inactivate completely the other oxidases present — higher concentrations of 
HCN tending to kill all enzyme activity, being a protoplasmic poison — or that 
ephedrine was not in sufficient concentration to inactivate all the amine oxidase 
present. Another experiment was also done in which M/15 Sorensen’s phosphate 
buffer solution with defibrinated blood was used instead of Locke’s solution, putting 
in instead of HCN, 1 mg. ascorbic acid per c.c. to inhibit the action of other oxidases. 
The pH of this solution was 7 - l (with Locke’s solution and ascorbic acid the pH 
was too much on the acid side, i.e., about 4-52). The results were identical with 
those obtained with Locke-blood-IICN mixture. 

(б) Guinea-pig’s liver as the source of the enzyme . — A preparation of amine 
oxidase was made according to Blaschko el al. {loc. cit.) from guinea-pig’s liver. 
Fifteen grammes of the liver were ground in a mortar with purified sand for 
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20 minutes and 50 c.c. of M/15 phosphate buffer added and centrifuged for 
15 minutes at 1,500 revolutions per minute. To 15 c.c. of the centrifuged liver 
extract were added 15 mg. of ascorbic acid. To 4 - 5 c.c. of this solution were 


Graph 2 . 
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added 0-25 c.c. of adrenaline hydrochloride solution 1 in 1,000 and 0-25 c.c. 
of distilled water so as to give in each half c.c. 0'025 mg. adrenaline hydrochloride 
and 0'45 mg. ascorbic acid. This served as the control. Another test-tube 
contained, in addition to the above mixture, 0-2 mg. of ephedrine hydrochloride 
per half c.c. of solution. The two test-tubes were immersed in a thermostat at 
38°C. Anesthetized or decerebrate dogs were given intravenous injections, half 
c.c. each, of the control and the ephedrine-containing solutions at intervals of 
time and blood pressure was recorded. 

Graph 3 represents the results of a typical experiment. From the graph it 
will be seen that after 120 minutes, more than half of the original quantity of 
adrenaline is destroyed in the control, whereas in the presence of ephedrine, there 
is an appreciable, but not complete, retardation of the destruction of adrenaline. 
Obviously, the amount of ephedrine is not sufficient here to inhibit completely 
the destruction of adrenaline by amine oxidase present in the liver preparation. 
We cannot have, however, a larger concentration of ephedrine, as that would 
produce an additional pressor effect. 

In the above experiments II (a) and (6), the oxidation of adrenaline, both 
autoeatalytie and that due to phenolases. has been inhibited by HCbT or ascorbic 
acid. Hence, the observed destruction of adrenaline in the control solution must 
be due to amine oxidase present in the preparations. This destruction, as Richter 
(1937) has shown, is a case of oxidative demethylamination. On the other 
hand, Clark and Raventos ( loc . cit.) are inclined to think that the inactivation of 
adrenaline by frog’s auricle is due, chiefly, to the action of some esterase in the 
tissue. The inhibition of this inactivation by ascorbic acid is explained by them 
on the grounds that adrenaline and ascorbic acid competed for the same catalyst. 
This catalyst, therefore, judged by what we know of the nature and extent of 
protection afforded by ascorbic acid to adrenaline from oxidation, is a plienolase 
and not an esterase. Further, according to accepted concepts of esterase action, 
the adrenaline molecule provides no scope whatsoever to act as a substrate for an 
esterase. Clark and llaventos seem to have based their views, as Gaddum (loc. cil.) 
has done in extenso, on the analogy of the s} r stem acetylcholine-esterase. Excepting 
that adrenaline and acetylcholine are said to be liberated at and act on nerve- 
endings, there is nothing else in common between them, especially in the manner 
of their destruction. While the destruction of acetylcholine by esterase is an 
individual and, therefore, simple process of hydrolysis, that of adrenaline, either by 
phcnolase or amine oxidase, is a process of oxidation, involving a series of complex 
changes in the adrenaline-phenolase system. In the light of this, it is only to ha 
anticipated, as has been found to be the case by Clark and Raventos, that the 
cumulative oxidation of adrenaline, catalysed by a conglomeration of different 
types of oxidases, inherent to a tissue like the auricle, cannot be simple or regular. 

In the systems studied by us, we have found that ephedrine effectively protects 
adrenaline from oxidation by amine oxidase, thereby confirming the findings of 
Blasehko el al. (loc. cit.). These authors sought to explain the inhibiting effect 
of ephedrine by assuming an affinity of this compound for this enzyme. It is 
known that compounds having a configuration very nearly similar to that of the 
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specific substrate do inhibit enzyme activity, either competitively or non com 
petitively, in the former case being dependent on substrate concentration. On 
these grounds, Blaschko el al. correctly ascribe the protective eftect of ephedrme 
on the system adrenaline-amine-oxidase to competitive inhibition. On the contiary, 


Graph 3. 
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applicable to cases Avhere more than one substrate compete for an enzyme, then 
the action of ephedrine we are dealing with falls out of this category. 

It is also possible that ephedrine might act by ways other than enzyme 
inhibition, as suggested by Gaddum. Earlier, Burn (1932) thought ephedrine 
acted by liberating adrenaline from a local store, which became depleted unless 
re-filled by circulating adrenaline. The extent of protection, whatever be its 
nature, afforded by ephedrine to adrenaline must be limited. Unlike as in vitro 
studies, where we are dealing with individual enzymes, in the organism, comprising 
a complex enzyme system, adrenaline would be exposed to drastic oxidation 
against which ephedrine would have little power. The action 61 a complex system 
of enzymes can be offset only by a corresponding system of inhibitors. If then, 
adrenaline is to be effectively protected in the organism, besides ephedrine, other 
defensive mechanisms like that of ascorbic acid, inherently present or extraneously 
introduced, are essential. 


Summary. 

1. Some of the facts and theories regarding the oxidation of adrenaline 
in vitro and in vivo have been reviewed. 

2. The role of phenolases in the oxidation of adrenaline and the inhibition 
of their action by stabilizers, namely, HCN and ascorbic acid, have been studied. 
Ephedrine also appears to act as one such stabilizer although in a limited degree. 

3. Further experimental evidence has been obtained to prove the inhibiting 
effect of ephedrine on the oxidation of the system adrenaline-amine-oxidase. 
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About thirteen years ago, special attention was drawn to the importance 
of anaemia as a cause of maternal morbidity and of maternal and infantile moita - 

ity in India. During the intervening years a considerable amount of investigation 

has been undertaken both under the auspices of the Indian Research Fund Asso- 
ciation and by independent workers. We feel that the time lias non come to 
summarize the results of this work, to state the present position, and to indicate 
the general trend of these investigations. 

\ 

Maternal mortality in India. 

The exceptionally high maternal mortality in child-birth in India may lie 
looked upon as the circumstance that made an inquiry on this subject an urgent 
necessity. 

Dr. Margaret Balfour who had retired from the Women Medical Service 
returned to this country at her own expense to investigate this subject. She received 
a grant for additional help from the Indian Research Fund Association. 

She (Balfour, 19276) collected data from Indian hospitals and found a maternal 
mortality rate of 21*5 per mille (241 deaths in 11,343 deliveries). 

The registration of both births and deaths in India generally is unsatisfactory, 
and, as there is no special mechanism, by which deaths associated with child-bearing 
are returned separately, the central or provincial public health reports give no 
indication of the true state of affairs. 

In Bombay, however, where it was thought that the registration was compara- 
tively accurate, the death rate was given as 16-7 per mille births in 1924 and 

m tllc Calcutta Corporation Health Officer’s report for the same year it was 
given as 18 per mille. 

In , 1933 ’ Sl * i} 0 }? Hegaw collected figures from rural dispensary, doctors in 
different parts of India and gives a figure of 24*5 maternal deaths per 1,000 live 

( 1009 ) 
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births. In a special inquiry in Calcutta, Neal Edwards (1939) found a similar rate 
and two inquiries in Madras obtained figures of 16-6 and 18-5 per 1,000 births. In 
Assam, as a result of a questionnaire, Balfour obtained an average figure of 42 per 
1,000, and in a single area the extraordinary figure of 13 7 maternal deaths per 1,000 
live births. These figures have to be compared with 3-8 and 3T6 per 1,000 live 
births in England and Wales in 1936 and 1937, respectively. It is unnecessary 
to emphasize this point further. 


The part ])layed by ancemia in this high mortality. 

Balfour in her early investigations and personal experience in Bombay and 
Assam repeatedly expressed the opinion that about half the deaths were associated 
with aneemia. 

She (Balfour, 1927a) placed anaemia second to osteomalacia as a cause of 
maternal morbidity and gave the figure as 27-6 per mille of pregnancies. Neal 
Edwards collected data from women’s hospitals in India and found even higher 
figures for anaemia, 49 '5 and 42-9 per thousand in 1936 and 1935, respectively. 
Napier and Das Gupta (1937 b) found 158 per thousand pregnant coolie women in 
Assam definitely anaemic (below 50 per cent). Choudhury and Mangalik (1938) 
found 5 ’6 per cent of pregnant women in Agra * anaemic ’ ; in their published series 
of 41 cases they include two with 50 per cent haemoglobin (6'87 g.) and seven over 
this amount. 

Balfour (19276) reported that 61*9 per cent of all maternal deaths in Bombay 
and 35*6 per cent of those from India generally were due to ansemia. 

Mudaliar and Rao (1932) in Madras city found that 50 out of 436, or ITS per 
cent, of maternal deaths were due to anaemia, but Nea] Edwards in her Calcutta 
inquiry (1936-37) found that 23-33 per cent of deaths were due to ansemia and 
from an analysis of 39 women’s hospitals all over India, 18-00 per cent. Mitra 
(1933) gives the mortality due to anmmia during 1931 at a large maternity 
hospital in Calcutta as 47-9 per cent of the total maternal mortality. 

The death rate in pregnancy ancemia . — The significance of the figures quoted 
below is limited, as the death rate will depend, firstly, on the severity of the 
cases admitted and, secondly, on the treatment given. 


i 

dumber of 
patients. 

Percentage of 
deaths. 

1 Authority. 



150 

42 

Balfour (1927a). 

43 

34*9 

McStviney (1927). 

50 

30 

Wills and Mehta (1930a). 

I 

165 

31*5 

1 Mitra (1937). 

561 

36*5 

do. (1937). 
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These figures do however show that the maternal mortality in pregnancy anaemia 
mav he alarmingly high. Napier and Majumdar (1938) had eight deaths m a senes 
of 58 cases (13-8 per cent), hut there were in this series seven additional cases noted 
as ‘ failures ’ and it is prohahle that some of these patients, died later m their 
homes. It is possible that a similar explanation may he given for Chatter] ee s 
(1938) low figure— 12 per cent. 

An even higher infantile mortality is reported by all workers ; for example, 
McSwiney ( loc . oil.) gives a figure of 58*8 per cent. 


Large as the figures are, they do not convey a. true picture of the effect of 
anaemia, because amongst the cases of sepsis, which heads the list of causes 
of death, there are many instances in which, if the patients had not been severely 
anaemic as well, they would have recovered. 


Whereas in Bombay and Calcutta sepsis and eclampsia, which appear above 
and below anaemia, as the first and third causes of death, respectively, occur in all 
countries, anaemia is usually classed as a negligible factor in M estern countries, 
accounting for only 0*05 (England and Wales) and 0-08 (Scotland) per cent of 
maternal deaths. Anaemia is therefore not only very important as a cause of mater- 
nal mortality, but it is an outstanding one in this country as compared with other 
countries. 


Further points which might be ascertained are the comparative importance 
of anaemia in Northern India and in any place where hookworm and/or malaria 
are uncommon. 


Epidemiological data. 


The early papers on the anaemia of pregnancy discuss the epidemiology, but 
usually give impressions rather than figures, and such figures as are given seldom 
include the composition of the populations and are thus valueless. Balfour (1927a), 
however, shows .that in Bombay ansemia in pregnancy is more common in Moham- 
medans than in Hindus. The incidence per 1,000 is 93-8 and 40-1, respectively. 
However, osteomalacia and eclampsia, two other diseases which she includes in 
her table, show a far greater preponderance amongst Mohammedans, which suggest 
that the community is unhealthier generally. She states that they live on a better 
diet than the Hindus, but does not give any data for this observation. 


Gupta (1932), reporting maternity cases admitted into the Eden Hospital 
Calcutta, during 1928-1930, gave the total incidence of ansemia as 7-19 per cent ■ 
Hindus were 8-89 per cent, Mohammedans 19*09 per cent, and Indian Christians 
per cent, the low total incidence being due to dilution with Europeans nonp 

was ako low * ^ 73 admitted ’ and with ^g^clians in whom the incidence 


Choudhury and Mangalik (foe. cit.) found little difference in the communities 
m Agra : they give Hindus as 5*1 per cent and Mohammedans as 6*3 per cent 

There are very few data regarding the economic status of patients -R u. 
Balfour and W,lls repeatedly state that anremia of pregnancy is not ZmS t 
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the poorer classes and that it is higher amongst some of the better-class communi- 
ties. They produce no convincing figures to prove this. On the other hand, 
most of the data presented are from hospitals in which the poorer class of patient 
predominates, and, though ansemia is known to be far from uncommon amongst 
the * private-patient 5 class, comparable figures are not available. As far as Bombay 
is concerned the statement is probably dependent largely on the observation that 
ansemia in pregnancy is not common amongst a certain class of mill worker. The 
dietary surveys in Bombay (Wills and Talpade, 1930 ; Talpade, 1931) amongst 
different classes of patient, including the mill workers, produced mainly evidence 
of a negative nature, in that they showed that the individuals of all the classes 
surveyed lived on an ill-balanced diet ; the diet amongst the mill workers was 
very deficient in fat and protein, particularly animal protein, and in vitamins 
A and C\ but was not deficient in vitamin B ; this did not , however, differ signi- 
ficantly from that of the pregnancy antemics of the hospital class. 

Seasonal incidence . — Balfour (1927a) in Bombay found the highest incidence 
from September to March, MeSwinev (be. nit.) and Mitra (1931. 1937) from July 
to December in Calcutta (see Table I). 


Table I. 



Balfour (i027</) 
(percentage). 

mint (!<«!). 

1 MeSwinev (1027). 

1 

January 

10 

4 

3 

F ebruary 

7 

2 

2 

} larch 

13 

1 

1 

April 


,1 

0 

May # 

2 


0 

June 

1 

0 

4 

July 

! 

i 

l 

s 


August 

0 1 

0 

‘A 

September . . j 

10 

H 

I 7 

| 

October 

j 

0 

12 i 

J 

I 3 

November . • t 

j 

14 

30 

! ' 

December .. i 

IS 

i 

IS 

* 

Totals . . 

i 

100 

1 

so 

43 


Ckatterjee (loc. cit.) gives the percentage incidence of pregnancy anaemia com- 
pared with total obstetric admissions at a Calcutta hospital over a 5-year period ; 
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be shows that there is a marked preponderance from October to January with com- 
paratively high percentages in September and February. 

Mudaliar and Kao (be. cit.) in Madras were only reporting on a small number, 
but show the highest incidence in June. Choudhury and llangalik (loc. ml.) in Agra 
do not find any seasonal incidence. They point out that the pregnancy incidence 
increases in the second half of the year. This was shown also by Balfour in Bombay 
and is true in Calcutta, but in neither city is this increase in the amemia incidence 
in the last four months of the year explainable on the greater number of pregnancies 
in these months. Balfour found diarrhoea more common in the second half of the 
yeaT and considers that the anaemia incidence is correlated with this. 

Age . — The question of age is too closely associated with that of parity to provide 
any significant information independently. 

Parity . — Balfour (1927«). McSwiney (loc. cit.), and Ohatterjee (loc. cit.) give 
the following figures for paritv (Table II) : — 


Table II. 


Al THtlP.m 

IjAI.FCIVP. 

{V.V2~n). 

MaSwinky f 
(1027). f 

f 

Chattebjek 

(1938). 

Locality : — 

Bombay. 

\ 

Calcutta. 

Calcutta. 

Primipane 

' 2S> 

13 

10 

2nd pregnancy 

9.) 

J 

10 

7 

3rd 

I 

! 13 

0 

10 

4th 

) * 

! 7 

.7 

9 

oth 

9 

o 

7 

Oth 

o 

V> 

3 

3 

7th. 8th, or over 

14 


o 

.> 

Totals 

D7 

» 

43 

.70 


Mitra (1937) and Choudhury and Mangalik (loc. cit.) show graphs suggesting the 
same steadily declunng incidence through the pregnancies. The value of tWo 
figures is reduced by the writers* failures to give the paritv distribution amo Zt 
normal pregnancies. This will obviously vary in different populations Mitra 
(193/ ) goes further and makes the misleading statement: ‘ Fimire 9 shnwV+T 
greater incidence m multipane (80 per cent) than in nriminare * 

Gupta (1937o) remedy this defect, but they are obviously deabner win " api6r and 
population for the peak of the normal dictation enrre is at the 3rd pTe^ancy ! 
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in their figures the percentage of anaemia is 28-5 for primipar® and this falls to 15-4 
13 - 3 and 12 -2 in the succeeding pregnancies. 

From the data analysed there appears to be evidence of a higher relative 
incidence of anaemia amongst primipar®, but it is possible that in some instances 
this apparent predominance is due to the fact that women are more ready to come 
into hospital for their first pregnancy. 

Prematurity . — Not very much is to be learnt from the month of pregnancy 
at which the patient first comps under observation as this may have little relation- 
ship to the time of onset of the anaemia. In nearly all the series reported, the 
incidence of anaemia rises towards the end of pregnancy, and very few cases are 
less than six months’ pregnant when they first come under observation. 

Discussion . — Studies of the anaemia of pregnancy in which an attempt 
is made to find epidemiological factors are usually based on the premise that 
there is one specific condition with one common cause. Discrepancies in the 
findings of different observers may well be explained on the grounds that there 
are multiple causes and that these are not equally represented in the various 
series of different observers. Discrepancies therefore assume a special importance 
and, further, it is obvious that we ought to obtain more data from different 
places in India and from different classes of patients, in order to decide more 
definitely whether the cause is single or multiple, and to correlate the various 
observations with the special local conditions, e.g., the incidence of various diseases, 
such as hookworm and malaria, and with the diet of the populations concerned. 

Associated clinical picture. 

Wills and Mehta (1930a) have stated that 16 of their 66 cases have been 
excluded on the grounds of malaria, hookworm infection, syphilis, or definite 
nephritis. The rest they claim are * idiopathic 5 anaemia of pregnancy. This 
procedure of excluding certain cases seems scarcely justifiable and only likely to 
confuse the issue. 

Fever . — This is a very common associated condition. Balfour (1927a) noted 
that the onset of the anaemia was with fever in exactly half her cases and that 83 '3 
per cent had fever at some time or another during the disease. Mitra (1931) reported 
fever in 36 ‘7 per cent of cases, and Chatter jee ( loc . cit.) in 90 - 6 per cent. Other 
workers refer to the frequency of fever. Napier found in his Assam cases that fever 
at some time during pregnancy was the rule in almost all cases. 

Little importance can be attached to the percentage malarial parasite 
findings in the various series reported, as much will depend on the thoroughness of 
the search made. Balfour (1927a) reported 8'66 per cent plasmodium infections in 
her series, a high figure in a place where the general malarial incidence is not 
particularly high. 

Splenic enlargement . — In Bombay, Balfour (1927a) reports 18 per cent splenic 
enlargement, McSwiney (loc. cit.) 23 per cent, Mitra (1931) 40 - 7 per cent, and Gupta 
(loc. cit.) 8 - 8 per cent in Calcutta ; the last is probably too low a figure.^ In Assam, 
Napier and ^Bilimoria (1937) differentiated between the hematological groups; 
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they reported 33 per cent enlarged spleens amongst hyperchromia cases, 14 per cent 

* P« “»?* non-— ^gn^omen- 

Napier and Majumdar (be. cit.), in a more malarious part of Assam, found SB per 
cent of the anaemic pregnant women had enlarged spleens, agamst 30 per cent 
• non-aneemic, if all degrees of enlargement were considered, and 43 per cent and 
8 per cent, respectively, if definite measurable enlargement only was considered , 
they also found that there was a ‘ significant ’ difference between the iron-reacting 
and the liver-reacting groups, the latter showing a much higher incidence of splenic 
enlargement. 

In Agra, Choudhury and Mangalik (be. cit.) found that 55-6 per cent of the 
patients in their macrocytic group had enlarged spleens, but none of the rest. 

All reports thus tend to emphasize a very high incidence of splenic hypertrophy 
amongst cases of anaemia in pregnancy. 

(Edema. — All workers report a high incidence of oedema and many say it is 


a cent per cent finding. 

Albumin in the urine. — Most workers report this in a large percentage of cases. 

Wills and Mehta (1930a) report albumin in the urine in 35 per cent of their 
cases, Balfour (1927a) in 48-6 per cent, McSwiney {loc. cit.) in 60-5 per cent, Mitra 
(1931) 26 per cent, and Gupta [loc. cit.) 25 per cent, but Chatter) ee [loc. cit.) only 
gives 7-5 per cent ; this last figure can probably be ignored. 

Gastro-intestinal symptoms. — Diarrhoea is a very common association ; it was 
reported in 38 per cent of Balfour’s (1927a) series, in 44 per cent and 20 - 6 per cent 
of Mitra’s (1931, 1937) two series, and in 74 - l per cent of the macrocytic group in 
Choudhury and Mangalik’s (loc. cit.) series. In the Assam cases diarrhoea or 
dysentery occurred in at least two-thirds of the cases either shortly before or during 
the time that they were under observation. Balfour was so impressed with the 
frequency of the association that she attributed the higher incidence of anosmia in 
the second half of the year to the much higher incidence of diarrhoea and dysentery 
in Bombay at this season. 


Balfour (1927a) reported vomiting (other than the ordinary vo mi ting asso- 
ciated with early pregnancy) in 40 per cent and sore tongue in 31 per cent of cases. 
Mitra (1931) mentions that 82-5 per cent of his series had a sore tongue. We have 
found in Calcutta and Assam this condition very hard to assess ; most of the women 
eat pan which disguises the appearance of the mouth and most of them have pyor- 
rhoea, and it is difficult to elicit the information without a leading question ; our 
- impression is that it is not a very prominent symptom. Choudhury and Mangalik 
(loc. cit.) state definitely that they have not noted it in their cases. Others do not 
mention either vomiting or sore mouth as common. 

Gastric acidity is discussed later. 


Wassermann and Kahn reactions. —McSwiney (loc. cit.) found a positive Wasser- 

ZZ S“* 0n 5 ?r r? 0f Ws . cases - BalfonI reported that, in 15 

rat of 32 cases tested, the Kalin reaction was positive, Mitra (1931) found four out 

of 11 eases Wassermann positive ; Napier andMajumdar (loc. tit.) found the Wasser 

menu reaction negative in 27 out of 36 eases, doubtful in three, and positive in six ■ 

MR J 

13 
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most of the positive findings were in the hypochromic group. Chatterjee (he. cit.) 
however found none of his cases positive, and other workers have not found more 
positives than the usual percentage of the general population. This subject 
requires further investigation as no large series has been done. 

Treatment. — No one has described the treatment of anaemia in pregnancy with 
much confidence and those who have attempted any scientific appraisal of their 
results have usually approached the subject with the object of throwing light on 
the aetiology. 

McSwiney (loo. cit.) advised treatment on general hygienic lines, with dietary, 
iron and arsenic by mouth or injection, small injections of whole blood, and the 
termination of pregnancy. He advised against blood transfusions. 

Green- Armytage (1928) thought that the ansemia of pregnancy was a toxaemia 
and advocated the termination of pregnancy. 

Wilis and Mehta (1930a) used liver extract with good results. 

Wills (1931) first drew attention to the value of Marmite. In a large number 
of her Bombay cases recovery followed the administration of 30 grammes of Mar- 
mite daily. The improvement occurred after a typical reticulocyte response. 

Gupta ( loc . cit.) recommended treatment on similar lines but included liver 
injections and Marmite. He noted that large transfusions caused abortion. 

Mudaliar and Rao (loc. cit.) obtain no response with Marmite. This is possibly 
because many of their cases were hypochromic and probably iron-deficient ; liver 
extract and iron produced the best response. 

Mitra (1937) advocated all known forms of therapy but was vague as to the 
results obtained. He reports a high mortality. He seems to favour small repeated 
transfusions, but his remarks suggest theory rather than practice. He attributes 
good results to intravenous glucose. He concluded ‘ Cure is never vouchsafed 
unless pregnancy terminates ’. 

Choudhury and Mangalili (loc. cit.) also found Marmite useless. They obtained 
good results with Neo-Hepatex and Campolon in macrocytic cases, and with 
iron in microcytic. Transfusion was not used by them as they considered it 
unnecessary. 

In Napier and Majumdar’s (loc. cit.) series, treatment was experimental and 
usually one hgematinic only was given. 

Iron (in microcytic cases) or Marmite (in normoeytic cases) given early seemed 
to be effective, but given in the later stages of pregnancy it had no effect until the 
uterus was empty. Campolon produced a more rapid, and a more certain, response 
in normo- or macrocytic cases, but again the inhibitory effect of the foetus was 
marked, and, in the later stages of pregnancy, response was seldom satisfactory 
until the uterus was empty. 

Transfusion seemed to have no specific effect but tended to cause abortion 
which was often followed by improvement. 

Napier et al. (1938) found Anahaemin less effective than crude liver extract. 
This observation was confirmed by Wills and Evans (1938). 
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Hematological investigations. 

The necessity for investigating the hsematological picture of anaemia of preg- 
nancy led to work in a number of divergent directions, which it will be necessary 
to consider separately. The first may be called the introduction and standardly- 
tion of hsematological methods and the obtaining of normal standards for Indian 
populations. The second is the attempt to separate into different hematological 
groups, in the hope that this may lead to an etiological classification, the anemias 
that occur (a) amongst the general population, both men and women, and ( b ) in 
pregnant women. A third direction has been the evolution and study of a new 
pathological and clinical syndrome, tropical macrocytic anemia. 

It will be convenient to discuss the last line of investigation first. 

Tropical macrocytic anemia .- —Wills in her first paper showed very clearly 
that there was amongst her cases of anemia of pregnancy a hyperchromic 
anemia which was quite distinct from Addisonian pernicious anemia, but 
which responded with a characteristic reticulocytosis to liver extract ; she also 
described "a similar disease in non-pregnant women. Her biochemical and clinical 
investigations in these cases did not suggest that the condition was a toxemia 
of pregnancy, and on the grounds of some preliminary dietary investigations 
amongst her patients she suggested that it was most probably a dietary disease 
and she favoured deficiency of vitamins A and C, as being the probable cause 
(Wills and Mehta, 1930a). 


A dietary survey amongst different Bombay communities seemed to add support 
to the suggestion that vitamin-A and -C deficiencies were the causative factors, 
as it was in the communities in which these deficiencies were most pronounced 
that most cases of this anaemia were discovered (Wills and Talpade, loc. cit.). More 
support came from animal experiments in which she showed that rats fed on diets 
deficient in vitamins A and C died of Bartonella anaemia (Wills and Mehta, 19306). 
She then turned to monkeys as her experimental animals. She produced a macro- 
cytic anaemia in monkeys by feeding them on a diet of polished rice, white bread, 
and chapattis, a more or less vitamin-free diet ; to this she added vitamins A and C 
but without result ; she then gave Marmite, with the result that the monkey’s red 
cell count and its weight immediately improved (Wills and Bilimoria, 1932). She 
followed this up by an immediate clinical trial in Bombay and established the fact 
that Marmite would cure one form of anasmia of pregnancy, a macrocytic anaemia 
that appeared to be most prevalent in Bombay (Wills, 1931). 

This work of Wills had clearly established the fact that there was a macrocytic 
anaemia occurring amongst pregnant and non-pregnant women which was curable 
by some substance contained in autolysed yeast ; this disease which was a new 
syndrome she called tropical macrocytic anasmia. 


t subsequent work of . Wills (1934) has not been done under the m e i s of the 

Indian Research Fund Association ; it is however important work and some of it 
lias been done m India. Wills and her co-workers have shown that the wt l 
substance that produces tho improvement in this macrocytic anmmia is not vitaLn 
B„ B 4> lactoflavm, moot, me acid, or vitamin B 6 . She slowed that, in esperimeS 
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monkeys fed on a diet deficient in vitamin-B complex, the West and Dakin fraction 
of liver extract (represented by Anahsemin) was not curative, but that the soluble 
fraction, after saturation with ammonium sulphate, of Campolon produced a reti- 
culocytosis and cure. Napier (1938) confirmed this in the case of tropical macro- 
cytic anaemia in Calcutta as did Wills and Evans (loc. cit.) in Bombay a few months 
later. Later, however, the former worker showed that in some cases a cure was 
effected with massive doses of Anahsemin, in conjunction with a good hospital diet 
(Napier, 1 9396). Later, Foy and Kondi (1939) made the same observation with 
regard to macrocytic anaemia in Macedonia. 

The present position is that the actual identity of the substance that brings 
about a cure in Wills’ macrocytic anaemia has not been discovered, but a large number 
of substances have been excluded ; to those substances mentioned above must be 
added Castle’s extrinsic factor, as refined liver extracts (e.g., Anahsemin) which are 
curative in true pernicious anaemia are not as effective in this condition. We know 
that the substance is present in an ordinary mixed diet, and in a more concentrated 
form in autolysed yeast and in the cruder liver extracts. 

In the experimental work with monkeys at present being undertaken by the 
writer with the assistance of Dr. Majumdar, we have so far failed to reproduce the 
Wills’ macrocytic anaemia in our monkeys, though we have been able to show that 
the recovery time in monkeys subjected to repeated small bleedings was much 
longer when the monkeys were kept on a vitamin-B-deficient diet than when they 
were kept on a balanced diet. 

Whilst it is a matter of more than academic interest to identify this factor, the 
writer do_es not feel that it is an absolutely essential piece of information, not, at 
any rate, to the extent that lack of this knowledge seriously prevents our obtaining 
a very much better understanding of the aetiology of the anaemias of pregnancy in 
India. We know that a diet deficient in vitamin-B complex will probably be defi- 
cient in this substance and tend to produce a particular type of macrocytic anaemia, 
and we know that autolysed yeast and most of the crude liver extracts contain it 
and, in uncomplicated cases of this anaemia, will effect a cure. The writer does 
not think that at this stage further experimental work in India directed solely 
towards identifying this factor will be profitable. It is highly technical work which 
is already being done in England by Wills and probably other workers. Later, 
it might be necessary to confirm her findings in India as we did in the case of her 
Anahaemin work. 

We know that deficiency of a certain food factor will produce this particular 
macrocytic anaemia. We know also that many of the people who suffer from it 
live on a diet which is deficient in many essential substances, but none of the dietetic 
survey work so far done, either in Bombay or elsewhere, has been able to show 
that the diets associated with this anaemia were definitely deficient in vitamin-B 
complex, though it was seldom in excess. Wills has taken the view that the pregnant 
women’s requirements are slightly in excess of those of a non-pregnant woman and 
that this deficiency is thereby exaggerated ; she points out quite correctly that this 
same anaemia occurs in non-pregnant women and in men, but less frequently. In 
this connection the example of iron deficiency and hypochromic iron-deficiency 
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anaemia in pregnant women has been quoted. However, it has not been shown 
that the demands of the foetus for vitamin-B complex are greater than for any 
other food substance, as is the case with iron which the foetus stores in its liver m 
large quantities. All workers are not prepared to accept this comparatively simple 
explanation of the aetiology of the syndrome. Reference will be made to this 
point later. 

Tropical macrocytic anaemia hcemolytica . — Napier (in 1936) drew attention to the 
fact that all macrocytic anaemias of tropical countries that responded to Marmite 
and liver extract were not Wills’ tropical macrocytic anaemia ; he pointed out that 
there was a hsemolytic group, associated with hyperbilirubinemia, a high reticulocyte 
count,' and usually splenic enlargement, possibly of malarial origin. Fairley and 
his co-workers (1938) found the same state of affairs in Macedonia ; Fairley consid- 
ered that there were two forms of tropical macrocytic anaemia, a hsemolytic and 
a non-hsemolytic. Napier (19396) developed this idea further ; he concluded that 
there Was strong evidence in favour of the existence of a hsemopoietic principle, 
distinct from the hamiopoietic principle absent in pernicious anaemia and in no way 
associated with gastric dysfunction, which substance was essential to the proper 
maturation of the red cells ; it was a substance that was not synthesized in the body 
and was not a residue of normal haemolysis, but had to be provided in the food ; 
its deficiency might be actual, that is, a true food deficiency, or relative, that is, 
due to the extra demands of excessive haemolysis (e.g., of post-malarial reticulo- 
endothelial tissue hypertrophy), or due to malabsorption, of, for example, long- 
continued diarrhoea. 

These observations of Napier and Fairley and their co-workers have not so 
much introduced a new clinical and pathological syndrome, as they have broadened 
the basis of Wills’ syndrome, so that it includes more than one type of anaemia, 
and they have certainly widened the aetiological possibilities. 


Normal hamatological standards for Indian populations. 

One of the first difficulties encountered by any one attempting to work on 
anaemias in India ten years ago was the complete lack of any normal standards 
for Indian populations, and the primitive state of haematology in India. At this 
time most of the large hospitals in the country depended on the Tallqvist scale for 
the estimation of haemoglobin ; this and the differential count were practically the 
only routine hematological investigations ever carried out. This lack of precision 
m hematological methods was not confined to India and the fact that the 100-per- 
cent mark in some hsemoglobinometers indicated a haemoglobin content of 13*8 
grammes in 100 c.c. of blood, whereas in others it corresponded to 17 -2 grammes 

showed that haematology throughout the world was in a very confused state at 
tins time. 


At one meeting of medical officers that was called in Assam to discuss with 
0lir lier P ro Posals for investigating the anmmia of pregnancy, a great deal of 

ZTtlTntm SC ”7? Wh6tW 60 Per ° ent ° r 65 ^ t looked 

upon as the normal for Indian women ; no consideration was given to the scale or 
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the method of measurement used, which was of course usually the Tallqvist. 
This is not quoted as a criticism of the medical officers present, but to demonstrate 
the confused thinking that was prevalent at the time. 

At the 7th Research Workers’ Conference, Mehta made a strong plea for the 
collection of hsematological data from normal Indian populations. A very import- 
ant achievement of the investigations under the Indian Research Fund Association 
has been the stimulation of work of this kind, much of which has actually been 
done by officers employed by the association. Papers in which the different 
hematological methods were critically examined were written by Sokhey, Rapier, 
and others, and have undoubtedly helped considerably in uniformalizing hemato- 
logical methods in India. Some of the findings amongst normal populations are 
given here. 


Normal hcematological data. 

In the three tables below some of the important data on hsematological stan- 
dards for Indian populations have been collected. In the United States and in 
Great Britain much work on normal standards has been done ; we have quoted 
only representative data from reliable authorities. 

Red cells. — There is a striking uniformity in the findings. The average count 
for males in Western countries is 5 '5 millions, in Indian towns 5-4 millions, and in 
coolie populations 5'3 millions. For females, the average for Western countries 
is 4 - 8 millions and for Indian populations 4 '5 millions. 

A series by Basu and Chatterjee (1937) have been excluded as they are so 
grossly at variance with the findings of other workers ; they give, for a series of 
women in Calcutta, 3‘6 millions with a mean deviation (sic) of 049 million. 

Haemoglobin. — There is less uniformity in the haemoglobin estimations; for 
men the means given range from 14 - 5 grammes to 16 grammes in Western countries 
(higher and lower readings are given by other authorities not quoted here) and 
those for men in Indian towns cover about the same range. On the other hand, 
the figures obtained amongst coolie populations are markedly lower (12 to 13 
grammes) and show high coefficients of variation. Similarly amongst the women, 
13'5 gra mm es is about the average for Western countries and 13 grammes for 
Indian towns, against 10 - 5 grammes for coolie women. 

Hcematological values. — This constancy in the red cell counts and deficiency 
in the haemoglobin levels amongst coolies is naturally reflected in the corpuscular 
values, and both the mean corpuscular volume (MCV) and the mean corpuscular 
haemoglobin (MCH) of the cells of the coolie populations is in each case much lower 
than that of the town dwellers. It will be noted that the MCV of the two 
Cachar series were not nearly as low as those of the two Assam series ; it will be 
noted also that the mean corpuscular haemoglobin concentration (MOIIC), (which 
is complementary to the MCY, if the MCH is constant) is exceptionally low in 
the former series. These two interdependent observations can probably be 
accounted for by the unsatisfactory working of the centrifuge which was noted in 
the report on the Cachar series. 
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Hyperbilirubinemia . — Tlie van den Bergli test was not done in many of the 
* normal ’ series ; the assumption was that it would be ‘ negative \ Vaughan and 
Hazlewood (1938) did this test in a series of * normal ’ individuals in England 
and obtained the results shown in Table VI. Data from Assam coolies are 
also shown : — 


Table VI. 


Van den Bergh indirect. 


Locality, 

Number of 
persons. 

0*5 mg. or 
| less per 
; 100 c.e. 

i 

| Less than 
1*0 mg, ! 
but over 
0*5. I 

! ! 

1 *0 mg. 
or over. 

j 

Percentage i 
over 1*0 
mg. 

Authority. 

i 

England . . ! 

100 

l 

32 ! 

i 

I 

6 

6 

Vaughan and Hazle- 
wood (1038). 

Cachar . . i 

50 | 

30 | 

6 ! 

i 

| 

5 

10 

Napier and Majuindar 
(1938). 

Assam 

40 

33 

3 

4 

10 

Napier and Bilimoria 
(1937). 


Vaughan and Hazlewood find a distinctly higher percentage of positives 
than many other English and American observers, but they are not as high as those 
amongst so-called normal individuals in Assam. 

Reticulocytes . — The normal figure is about 05 per cent of the total red cells : 
some writers give a lower figure from the Indian ‘ normals the following data 
are quoted (Table VII) : — 


Table VII. 

Reticulocytes. 


Locality, 

Material, 

| 

Number of 
| persons. 

I 

Percentage. 

Standard 
j deviation. 

| 

Authority, 

j 

Calcutta , . j 

... 

Men 

i 

50 

0*67 

! 

± 0-37 

Napier and Das Gupta 
(19356). 


Women 

122 

0-37 

± 0-27 

Napier (1939a). 

Assam 

Men and women 

41 

2-17 

i 

± 1-92 

Napier and Pas Gupta 
(1935c). 

>> • * | 

Pregnant w omen 

40 j 

2-10 

i 

< 

+ 1-80 

Napier and Biiimoria 
(1937). 
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This suggests that the normal reticulocyte count in Indians is the same as that 
in Europeans, and it seems probable that in the Assam series the high reticulocyte 
count is evidence of disturbed erythropoiesis. 

Red-cell diameters .— The only reliable way of learning -the mean diameter of 
red cells is by Price-Jones’ method, or some slight modification of it. A few series 
have been done on normal Indians. Maplestone (Chaudhuri, 1933) found the mean 
diameter of 500 cells of each of ten healthy Indians to be 7*270/*. Sankaran and 
Radhakrishna Rao (1938) found a curiously low figure for Madrassi Indians ; the 
mean of about 500 cells from each of 25 normal Indians, male and female, was 
6*85ja ± 0*28//, ; there was no significant difference between males and females 111 
this series. Napier et al. on the other hand obtained a figure of 7*288/* ± 0*468/* 
for 50 Bengal males. Price-Jones’ figure was 7'202/x ± 0*172 p for 100 healthy 
individuals in England. 


The low figure obtained by Sankaran and Radhakrishna Rao is. not explained 
but otherwise there seemed little indication that the measurements differ materially 
from those obtained elsewhere ; Price-Jones’ figure is representative of the European 
findings. The much wider range of variation amongst the so-called normals 
probably indicates that strict normality is less common in Calcutta than in 
London. 


Discussion . — These data all conform to the conclusion that, as far as the red 
cell series is concerned, there is no physiological difference in the blood pictures 
between Europeans in temperate countries and Indians in India, and that differ- 
ences, when they occur, are due to some pathological cause ; this cause may be 
anything from a food deficiency to a sub-clinical infection. In the case of the coolie 
populations, there is in the hsematological data further evidence to support this 
suggestion, in the high coefficient of variation in the haemoglobin estimations, in 
the high mean reticulocyte count, and in the hyperbilirubinemia that are commonly 
encountered amongst Assam coolies. 


The question naturally arises as to the reason for this lower level of hemo- 
globin amongst the Assam coolie populations and whether it can be traced to the 
special conditions prevailing in Assam. The only figures we can quote from our 
data are those from Shivrajpur coolies ; these are economically comparable, but 
are employed in a different part of the country. The haemoglobin means are much 
closer to those of the Assam coolies than to those of the city-dwelling Indians. This 
suggests that the haemoglobin deficiency is one associated with economic status 
and dietary rather than with the particular local conditions. It has been our ex- 
perience in Calcutta, as well as in Assam, that not only has the average healthy 
ryot a lower haemoglobin level, but that his cells tend to be smaller and, though 
ong-contmued treatment with iron will bring his red cells up to the 5*5 millions 

I: M ? H ° "1 1° 85 V « -It of tie petsSentty 

small size of his red cells his haemoglobin will not rise to the normal level. 
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an experiment that should he repeated, but the implication of this very poor res- 
ponse to iron therapy is that there is some other factor operating which keeps down 
the size of the red cell and consequently the haemoglobin level. 

It will obviously be easier to answer this question when we have more data. 
We want ( normal ’ data for village populations in different parts of India where 
different conditions prevail. This is an important point, for one may safely con- 
clude that there will be some connection between the general low level of haemoglobin 
and the incidence of gross anaemia in any population, even if the cause is not exactly 
the same. Meanwhile, any further consideration of this aspect of the problem can 
be postponed until some of the possible causes of the anaemia are discussed. 


The blood, picture in pregnant women. 

Dieckmann and Wegner (1934) and Bethel (1936) have found that there is a 
progressive increase in blood volume throughout pregnancy. This is not accom- 
panied by a corresponding increase in cells, so that there is a relative decrease in 
the number of cells in a fixed volume of blood- — this physiological anaemia amounts 
to about a 14-per cent deficiency, i.e., 14 per cent below the normal level for non- 
pregnant women. In order to make allowances for the natural variations in 
individual haemoglobin percentages these writers allow a further margin, and state 
that any reading below 10 grammes should be considered as indicating anaemia 
— this figure is about 27 per cent below Bethel’s mean for non-pregnant women 
(13 '78 grammes). Translating this into terms of Indian populations, we get 
about 9 '5 grammes for town and 7*7 grammes for coolie populations on the 
13-gramme and 10'5-gramme basis, respectively. 

Practically all investigators in India have considered figures mostly well below 
these levels, so there is little chance that any have been dealing with a purely 
physiological anaemia. 

In the only comparative series quoted (Napier and Bilimoria, loc. cit.) there is 
no evidence of this physiological anaemia, but there is a possible fallacy here, in 
that, as investigations were being conducted in the anaemia of pregnancy at that 
time, it is probable that the anaemic pregnant women had been combed out from 
the pregnant series much more carefully than the non-pregnant anaemics from the 
other control series ; this suggestion is supported by the much higher standard 
deviation in the non-pregnant series. Napier and Das Gupta (19376) found a 
distinctly lower level of haemoglobin amongst pregnant coolies, but noted that when 
the obviously anaemic women had been excluded the mean was much the same 
as amongst non-pregnant ‘ normal ’ women ; they concluded that, whilst evidence 
of a general lowering of the haemoglobin level was absent, there was a much higher 
percentage of gross anaemia amongst the pregnant women. 

Where one is dealing with a much higher percentage of pathological anaemia 
in a population, it is going to be more difficult to recognize the physiological anaemia, 
but it is a point on which further investigation might be carried out. Meanwhile, 
it is reasonable to assume that the factors which produce this physiological anaemia 
in America also operate in India. 



L. E. Napier. 


1027 


Bethel (loo. cit.) in America found that the size of the cell tended to increase 
throughout pregnancy reaching its maximum about the 36th week when the haemo- 
globin is at its lowest level. He found a mean figure of 86-3 cu .p, for non-pregnant 
women and 92-0 cu.,, for pregnant women in the 3rd trimester. The only 
comparable figures in India do not indicate that this occurs here : Napier and 
Bilimoria (foe. cit.) give figures of 77 -3 and 72*1 for non-pregnant and pregnant 
women, respectively. These figures are obtained, it will be seen, in a population 
in which there is general microcytosis : it is possible that the change in cell 
volume is an indication of the natural exaggeration during pregnancy of . the 
dominant deficiency ; in the Assam group this is an iron deficiency. This is 
certainly a point on which further work should be done. 

Gastric acidity . — This has a double association with anmmia, in that a low 
gastric acidity has been associated with deficient absorption of iron — though recent 
work (Moore et al., 1937) does not confirm this— and that free acid is completely 
absent in true Addisonian pernicious anaemia. Strauss and Castle (1933) pointed 
out that gastric secretion was often depressed in pregnancy and it has been sugges- 
ted that this might be a cause of the iron-deficiency anaemia in this state. Bethel 
(i loc . cit.) did not find any relationship between gastric secretion and haemoglobin 
level in pregnant women. 

Wills and Mehta (1930a) in a series of 25 pregnant anaemic women found three 
with achlorhydria, one with liypochlorhydria, and two with hyperchlorhydria : 
the rest were within normal limits. 


There is no evidence that the gastric acidity curve in Indians differs from that 
of Europeans (Napier and Das Gupta, 1935d ; Napier, Chaudhuri and Rai 
Chaudhuri, 1938 ; Rao, 1937). Napier and Das Gupta (1937a) found, in two series 
of about 40 cases each, the gastric acidity in anaemic coolies slightly lower than that 
of normal Indians. Achlorhydria was relatively uncommon ; it was found in five 
cases of the first series (gruel meal without histamin), and in the second series 
(alcohol test meal) in only one case and in that case at a second examination 
histamin caused secretion of free acid. 


Napier and Majumdar (loc. cit.) did fractional gastric analyses on 41 anaemic 
pregnant women. The majority (26) were isochlorhydric, six were hypochlorhydric 
and three others achlorhydric (without histamin). Analysed differentially they 
showed a lower acid level in the group that responded to liver therapy. 


Choudhury and Mangalik (loc. cit.) did a gastric analysis in 18 oreenant 
anamuc cases and found achlorhydria in three and hypochlorhvdria in fi™ 
MAra (1937) found achlorhydria in one out of six cases Xd 
(Chatterjee and Basu, 1939) ‘ a low acid curve ’ in four out of 15 cases. Mudaliar 
and Rao (foe. cit.) provide the only exceptional series and they found four 

:L:t Iorbydim “>> and ° f Mo4ar? n f z 


There is little suggestion in the data here summarized that tW • 
connection between gastric acidity and the antemia of pregnant 
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II climatological surveys of the ancemias that occur in Indian populations. 

It is very surprising that, although anaemia is probably second only to fever 
in the list of most commonly-occurring symptoms in any Indian hospital or dis- 
pensary, no attempt was made to study anaemia per se until a few years ago. This 
makes the task of reviewing this work comparatively easy. We have not combed 
the literature for reports on individual cases, or small groups of cases, such as that 
of Mackie (1929) who read a paper at a meeting of a Medical Society in 1907 on 
‘ malignant anaemia of the tropics ’ ; the paper nearly suffered the fate of the majority 
of papers read at medical meetings in India and would have been forgotten had 
its author not found a copy of the typescript and published a resume of it in 1929. 
But we found no studies of a larger series of anaemic patients in which any attempt 
had been made at hasmatological or setiological classification. This is not altogether 
surprising in view of the backward state of haematology, in India in particular and 
in the world in general, to which reference has already been made. 

Anwrnia amongst the general population . — As a preliminary measure to studying 
the anaemia of pregnancy in the same population, Napier and Das Gupta (1937a) 
investigated the anaemia amongst the general coolie population of a group of tea 
estates in Assam. Blood examinations before and after treatment were carried 
out in 1 00 cases of severe anaemia ; these investigations were carried out during 
two successive cold weathers and the two series are analysed separately. In the 
first series there were 58 coolies, men and women ; as the cell volume estimations 
were not considered satisfactory, the cases were classified according to the haemo- 
globin content of the cells, i.e., the MCI!. The vast majority were markedly hypo- 
chromic ; in 53 cases the MCH was below 28 - 5yy, the mean of the city-dwelling 
Indian * normals ’, and 45 were below 22yy, the mean of the ‘ normal ’ coolie. Two 
cases only, with MCH’s of 33yy, might be considered to be hyperehromie. The 
cases were arbitrarily divided into two groups, definitely hypochromic, i.e., below 
20yy, and orthochromic, above 20yy. 

After analysing the data, clinical and pathological, in these two groups, 
separately, the writers concluded that it was doubtful if they could be considered 
as two separate hsematological groups, though the orthochromic group showed a 
special tendency to hyperbilirubinemia, with which splenic enlargement was corre- 
lated, and achlorhydria, and did not respond so well to treatment with anthelmin- 
tics and iron. There were more females in the orthochromic group. 

The second series was even more markedly hypochromic ; there were only 
two cases above 22yy. The MCY is also reported in this series ; two cases would 
be considered macrocytic judged by some standards, being above 100 cu .fi, but the 
mean of the series was 69'7 cu./j, and the large majority were below 80 cu./t. They 
were therefore not divided, hut considered as one group. In this investigation 
emphasis was laid on treatment and frequent blood examinations were done through- 
out the course of treatment. Also an attempt was made to gauge the effect of 
slightly different procedures, including a dietetic experiment. 

Eight coolies were kept on a well-balanced (relatively) high-calorie diet for 
four weeks ; there was no improvement in the haemoglobin level but there was 
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improvement in tire clinical picture, including loss of oedema. They were then given 
large doses of iron (27 grammes of ferrous sulphate daily) for three weeks and m 
four weeks the mean haemoglobin of the group had risen from four to ten grammes. 
In the whole series of 41 cases (the 42nd patient absconded), 39 showed dehmte 
improvement on iron administration. Though diet per se had no effect on the 
amemia, the groups in which the diet was most satisfactory showed the best response 
to the iron treatment. However, in very few cases did the haemoglobin level 
improve beyond the level which had been found to be ‘ normal ’ m this coolie 
population. 

It appears to have been shown beyond dispute that the dominant defect, as 
far as the hemopoietic system is concerned, in this community is a hypochromic 
microcytic iron-deficiency anemia. The cause of this anemia is not so definite , 
a hundred per cent of the coolies had a hookworm infection, most of them a heavy 
infection, but no correlation between the hookworm load and the level of hemo- 
globin can be shown. The diet of the coolie is low in iron, but it is uncertain if 
ft is actually deficient ; this point will be discussed later. In the absence of any 
gastric-acid "deficiency, which might have led to malabsorption, it is reasonable to 
conclude that this anemia is due to the continual drain, by blood loss through 
hookworm infection, on the iron reserves in a population on low, if not actually 
deficient, iron intake. Macdonald (1939) questions this conclusion because of 
the lack of correlation between the hookworm load and the degree of the 
anemia. But the cent-per-cent hookworm infection cannot be denied, the 
methods of estimating hookworm load are open to considerable error, and finally 
it is only claimed that it is one of the factors concerned. 


The writers (Napier and Das Gupta, 1937 a) considered that there was evidence 
of some other limiting factor which prevents the blood cell returning to its normal 
size, as in this series the red cells increased to their normal number and the haemo- 


globin concentration in each cell, the MCHC, reached the normal level, but, on 
account of the small size of the cell, it could not contain its full complement of 
haemoglobin, so that the MCH and the haemoglobin per cent only reached the 
lower, so-called normal, levels of this coolie population ; this limiting factor is thus 
operating not only in the frankly anaemic coolies but in the whole population. 

It will be apparent that in this population the anaemia of any particular group, 
such as the anaemia of pregnant women, must be considered against this back- 
ground of widespread hypochromic microcytic anaemia and of a general lower level 
of cell size and haemoglobin in the whole population. It must also be clear that 
unless this is done a very wrong impression might be obtained of the nature of such 
anaemia. No other similar surveys of anaemia amongst the general population in 
other areas have been reported. z ' 


The material for such an analysis with reference to the hosnital rm+-nn+;nn+- 
population in Calcutta is available, and this analysis will be made ^This P Lr+ • l t 
a line of work that might well be undertaken in a number of paceJta ast t, 7 
case of other survey work, when once a lead has been given it should m 6 

ered as a legitimate charge on funds ear-marked for 

line of work for medical units at colleges or universities. ’ a smta ^ e 
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Anosmia amongst pregnant women . — Balfour (1927a) collected lisematological 
data in 25 cases of her series. There are no details as to how these cases were ^elec- 
ted. She gives the means only of the 25 observations, so that one has no idea of 
their distribution, but, as she gives T4 as the mean colour index, one may assume 
that the majority were cases of hyperchromic anaemia. McSwiney (loo. eit.) makes 
no attempt to analyse his data, but from his case notes it is apparent that there are 
both hyperchromic and hypochromic cases in his series. 

Wills and Mehta (1930a) vitiate their series, as a series, by the exclusion of 
16 of their original 66 cases on the grounds that they were suffering from malaria, 
hookworm infection, syphilis, or definite nephritis ; they have classed the remainder 
as ‘ idiopathic Both the propriety and the possibility of excluding such cases 
is questioned. The essential difference between the study and the treatment of a 
case in a sanitarily advanced, country on the one hand and in a sanitarily backward 
country, such as India, on the other is that in the latter one has always to make 
one’s study against a background of widespread infections, such as malaria and 
hookworm, and of malnutrition, both general and special. So in an attempt 
to trace the aetiological factor or factors, of a clinical syndrome, one cannot 
say ‘ this infection, or this food deficiency, is common to almost the whole popula-' 
tion, whereas the syndrome occurs only in a few, therefore, we can dismiss it as a 
possible {etiological factor \ Each infection and each food deficiency must be 
considered as possible contributing factors whose interactions may produce the 
syndrome with or without the addition of some metabolic toxaemia, and/or of some 
physiological stress, such as pregnancy. It would, for example, in the case of preg- 
nancy anaemia, be absurd to exclude all cases showing ankylostome infections, for 
in the Assam series this infection occurred in every case almost without exception. 
Similarly, every woman (in this series) has had malaria at some time during her life, 
usually both recently and frequently. Further, the possibility of excluding all 
cases in which the malaria causes the anaemia is doubted, because a single blood 
examination is not sufficient to exclude even present infections and it is frequent 
past infections that are as likely to produce anaemia. 

Wills and Mehta class their remaining 50 cases as ‘ idiopathic ’ and consider 
them as a single group. From a haematological point of view they are not, however, 
a homogeneous group ; the colour indices in the 50 cases varies from 0 - 7 to T8 ; 
in 15 it is below 1, in nine from 1 to 1 - 09 and in 26 cases above this, but in only 
nine is the colour index F40 or more. 

Mudaliar and Rao ( loo . cit.) also treated their cases as a single group. The 
colour indices suggest that they are not ; of 32 cases seven were below 1*0, 14 between 
1 and 1’09, and 11 were above this, of which only one was above T30. These last 
workers failed to obtain the same results with Marmite in the treatment of 
pregnancy anaemia that Wills had reported. This is not surprising, as it is obvious 
that there are fewer truly hyperchromic cases in their series. 

Whilst it is reasonable to assume that all anaemias in pregnancy have not the 
same aetiology, it is difficult to decide how the cases should be divided up. Wills 
and Mehta’s procedure of excluding all cases in which certain other infections, are 
evident is an attempt to group cases, but is unsatisfactory for the reasons given 
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above Mitra (1937) however developed this idea ; by a more elaborate process of 
selection be excluded 103 of bis 165 cases, leaving 62 idiopathic cases. Nothing 
in his subsequent analvsis of these groups seems to justify this division, except 
possibly the lower mortality in the ‘idiopathic’ group. In view of the hema- 
tological findings this writer reports (e.g., 52 macrocytic cases of which 30 were 
hypochromic) his choice of a clinical classification was wise, and, though the result 
was a negative one, as such, it has some value. 

Gupta ( loc . cit.) classified his cases according to severity, using the red cell count 
as his criterion — below one million, between one and two millions, etc. There 
are obvious limitations to such a classification, though it may be usefully adopted 
for primary grouping when there are large numbers of cases. 

The majority of workers in India have adopted some hsematological classifica- 
tion, either according to the size or the haemoglobin content of the cell, or both. This 
method is criticized by Chatterjee and Basu (1938) who claim that during the devel- 
opment of th ; s anaemia the size of the red cell goes through a regular cycle of stages ; 
commencing as normoeytic the anaemia becomes microcytic, then if the case deteri- 
orates it passes through a normoeytic hyperchromic stage and becomes macro- 
cytic, or conversely if it improves it changes back to normoeytic. To explain these 
strange blood findings they invent a pathological cycle in the bone marrow in which 
there are successive stages of regeneration, compensation and bone marrow failure. 
They give examples of cases in which these changes are said to have occurred ; the 
meagre data only show that in the particular cases — errors of technique being 
excepted — the blood picture changes from one stage to the next, but proof that a 
regular cycle occurs in any number of cases is entirely lacking. 

The same idea of cyclical changes in the red cells has been entertained by Hare 
(1939) who considers that there is evidence that the size and the haemoglobin con- 
tent of the red cells change according to the stage of the pregnancy. He cites six 
cases in which the cell size tended to decrease between the 28th and the 36th week, 
increasing again towards the end of pregnancy or post partum. He points out 
that the 28th to 36th week is the period of maximum growth of the foetus. It is 
interesting that he shows the exact reverse of the course of events that Bethel 
(vide supra) reports in normal pregnancy ; Bethel showed that the size of the cell 
tended to increase throughout the second half of pregnancy reaching its mn.ynrmm 
about the 36tli week after which it tended to decrease again. Hare’s observation, 
if the changes in these six cases can be accepted as the usual change in the 
population with which he is dealing, supports the suggestion already made above 
that a dominant deficiency is exaggerated at this stage of pregnancy by the 
demands of the foetus. ; ; 


Napier and Bilimoria . (loc. cit), working amongst the same population in which 
Napier and Das Gupta (1937a) had made a survey of the amemias of the general 
pops ail (hi e supra), divided the eases into groups according to their MCH and 
liiemoglobm J 0 ™ 1 - Comparing these two groupings, the non-nrevnant and 

The^ocUnl^U^ 

group, which has been subsided 

14 ' 
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anaemia. The less anaemic group, the writers have suggested, might be considered 
as physiological ; this is in keeping with the suggestions made above in which the 
arbitrary figure of 7*7 grammes, based on Dieckmann and Wegner’s (loc. cit.) obser- 
vations, was chosen for coolie populations, and with Bethel’s (loc. cit.) observations 
regarding the increase in size of the cell during pregnancy. Amongst the other 
points that arose in this analysis was the fact that the hypochromic cases tended 
to come under observation at an earlier stage in the pregnancy than the hyper- 
chromic cases who practically all reported first in the last trimester ; the suggestion 
is that in the latter group the anaemia was precipitated or aggravated by the preg- 
nancy, whereas in the other the pregnancy was an incident in the course of the 
anaemia. The significantly higher incidence of splenic enlargement in the hyper- 
chromic group has already been referred to, and there was also a ‘ very si gnifi cant ’ 
preponderance of hyperbilirubinemia in the hyperchromic groups, as compared 
with the hypochromic group ; in fact, 16 out of 18 of the former group showed a 
positive indirect van den Bergh reaction, against less than half of the latter. In 
this series there is a strong association between hookworm infection and the hypo- 
chromic group, but not between hookworm infection and the other groups or the 
controls. 

Napier and Majumdar (loc. cit.) were working in another district in Assam. 
Investigations amongst normal cool ies had shown that the normal blood picture 
was of much the same order as had been found in other coolie populations, though 
the cell size seemed to be larger. (This was to some extent explained by the in- 
adequacy of the electric current in this district leading to incomplete c packing ’ 
in the cell volume estimations). No survey of the anaemias of the general popula- 
tion was undertaken here. Hookworm infection was almost a hundred per cent 
in incidence, but the infections were not so intense as in the other area ; on the other 
hand this was a more malarious district. 

The first classification of the cases was, as before, according to the haemoglobin 
content of the cells MCH, but, as there was a central hospital in this district, it was 
possible to follow the results of treatment and later a re-classification of the cases 
was made according to the effect of treatment, into an iron-responding group and a 
liver-Marmite-responding group. In this series the initial haemoglobin level was in 
no case above 7*7 grammes (vide supra). As there were few truly hyperchromic cases 
in this series, the cases were put into two groups with the dividing line at 22 yy ; 
this divided them into two almost equal groups. Thus, the mean MCH of this 
series was slightly but distinctly higher than that of the previous group if only the 
definitely anaemic cases are considered. In the re-classification little change was 
effected ; deaths and failures were excluded and three borderline cases on either 
side were changed over, otherwise the hypochromic cases became the iron- 
responding and the orthochromic-hyperchromie the liver-Marmite-responding group. 
Analysis of the rest of the data according to the two groups showed the high 
correlation between enlarged spleen and response to liver or Marmite treatment, 
which has already been referred to, and a very much higher incidence of 
hyperbiiirubinseroia in this same group ; thus, there was a positive van den Bergh 
in 10 per cent of the controls, in 25 per cent of the iron group and in 53 per cent 
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of the liver-Marmite group. There was on the other hand no difference m the 
hookworm infection between the two groups and a very slightly greater tendency 
towards a low acidity in the liver-Marmite group. 


Sternal punctures were done in a number of cases ; the majority showed a 
normoblastic hyperplasia, and in no case was there the typical megaloblastic hyper- 
plasia that one sees in pernicious ansemia, but in a few cases there were a tew 
megaloblasts and a high percentage of erythroblasts. 

A point that was brought out in this investigation was the depressing effect 
of the foetus in the later stages of pregnancy on the hemopoietic response to treat- 
ment : this was more noticeable in the liver-Marmite group. When the treat- 
ment was given early in pregnancy or after parturition response was usually 
immediate, but when it was given in the last months of pregnancy there was often 
a slight reticulocyte response, indicating some specific action, with a very slight 
upward movement of the haemoglobin curve or only maintenance of the previous 
level, until after parturition when there was an immediate sharp rise. 


An attempt was made in the first of these inquiries to ascertain the diet of the 
individual patients, but the method was not found satisfactory, and it was decided 
that more information could be obtained by dietary surveys amongst the popula- 
tion from which they came. A survey was subsequently carried out in each of 
the two areas in which these hsematological investigations have been carried out. 
One of these surveys was reported by Wilson and Mitra (1938). The two surveys 
produced materially the same results : — 

The total calories were only a little below the standard usually considered 
necessary for Indian workers, but were mainly derived from carbohydrates : the 
total protein intake was low and the animal protein almost a negligible figure. Total 
fat was also very low, below 12 grammes, and most of it was of vegetable origin. 
Of the minerals, calcium was exceptionally low, being only about one-sixth of the 
usual requirements ; the figure for iron was low, though adequate if it was all in 
available form, but there was some doubt on this point. . Of the vitamins, the 
intakes of A and B complex were low, though apparently not actually deficient 
judged on most standards, but the vitamin-C intake was very low and, as this was 
mainly derived from vegetables that were cooked, saturation^ with this vitamin was 
improbable. 


Mitra (1939) re-examined the question of iron intake in the light of later 
work on the availability of iron and concluded that these people were living on a 
deficient iron intake. This question of the availability of iron is however a 
controversial one, and whilst it is not possible to accept Mitra’s conclusions it’ is 
apparent that people of the poorer classes whose main diet is rice are livhm on 
a low available iron intake and that the more this rice is milled the lower °will 


Macdonald ( loc . at,), in a separate investigation amongst the same i +• 
m which the first of these two inquiries was carried out P 0 P^ation 

ficnntly • lower hemoglobin level* among” Z fa ^ 

compared with those taking home-pounded rice. g d rice as 
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Choudhury and Mangalik ( loc . eit.) divided their cases into three groups, 
macrocytic (MCV over 90 cu./x and over 29 yy), microcytic (below these figures), 
and mixed (MCV above 90 cu./x and MCH below 29 yy). There were 27 
macrocytic, six microcytic, and eight mixed cases. The indirect van den Bergh 
was positive in 74*1 per cent of the macrocytic group and in 28*6 per cent of 
the rest. The MCHC was below 30 per cent in all the hypochromic and mix ed 
cases, and above this in nearly all the macrocytic cases. The high percentage 
of splenic enlargement in the macrocytic group and its absence in the others 
has already been referred to. 

Conclusion . — The two hematological surveys in Assam appear to show that, 
superimposed on the hypochromic anemia of the general population, there is hyper- 
chromic anemia which is associated with the later months of pregnancy. There 
is also evidence of the association of malaria with the hyperchromic anemia. The 
whole population lives on an ill-balanced diet deficient in a number of elements ; 
it seems probable that the hypochromic anemia can be accounted for by the low 
intake of available iron and the widespread hookworm infection. Whilst a poor 
diet and malaria infection are common to the whole community, there is little evi- 
dence of hyperchromic anemia in the general population ; it is possible however 
that a ‘ slight tendency ! to hyperchromic anemia may be disguised by the marked 
iron deficiency (this one knows from experience does occur), only to be brought 
out as a frank anemia by the extra demands of pregnancy, or by a toxemia of preg- 
nancy, which may be a conditioned toxemia, in that it would not occur in a person 
protected by an adequate diet. 

These two surveys have also emphasized the importance of knowing the back- 
ground against which a disease is being studied. When Balfour first went to Assam 
to start these investigations she obtained a number of blood films from cases of 
pregnancy anemia and sent them to Wills who was working in Bombay. Wills 
was naturally cautious in arriving at any conclusion from such inadequate 
material, but she expressed considerable doubts as to whether the same problem 
existed in Assam as in Bombay, because most of the slides showed a definitely 
microcytic picture. She was quite right in expressing this opinion on the 
evidence she had before her, but the data here presented suggests that there is a 
macrocytic anemia in Assam associated with pregnancy, and it is probably the 
same syndrome as is found in Bombay. 

The hematological picture in the Agra cases (Choudhury and Mangalik, loc. cit.) 
is entirely different ; here we have a predominantly macrocytic hyperchromic 
anemia, apparently undisguised by any hypochromic tendency in the general 
population, it is unfortunate that there has been no survey of the anemia in this 
population to compare it with. The association of malaria is again suggested by 
the high incidence of splenic enlargement and hyperbilirubinemia. 

The importance of such surveys in different localities where different etiological 
factors prevail must also be apparent. From the inquiry which was recently carried 
out in Calcutta under Neal Edwards and Napier, similar data will be available when 
the analysis of the records is complete, but from other places in India, particularly 
rural districts, practically no information is available. 
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Summary and conclusions. 


1. There are good reasons for believing that a high maternal mortality is the 
rule throughout India. Special investigations have provided figures from lb b 
to the appalling, and probably exceptional, figure of 138 maternal deaths per 
1,000 live births, compared with 3-16 per cent m the whole of England and Wales 


in 1937. 

2. Anaemia occupies a high place in the lists of causes of maternal morbidity 
and mortality in this country ; in many places it is second and in some it is first, 
and, as a contributory cause of death, it is probably even more important than 
these lists indicate. 

3. As in many Western countries anaemia is a negligible cause of maternal 
mortality, it is obvious that there are special conditions prevalent in India which 
do not exist, or which exist to a much less extent, in these other countries. 

4. The incidence of this anaemia appears to be highest in the second half of 
the year, even after allowance is made for the greater number of pregnancies at 
this time. The anaemia usually first attracts medical attention in the third 
trimester, and the incidence is apparently slightly higher amongst primiparae. 

5. (Edema occurs in nearly all cases of pregnancy anaemia, and fever in more 
than half ; albumin is found in the urine in 25 to 50 per cent of cases, and diarrhoea 
occurs in a similar percentage. A relatively high incidence of splenic enlargement 
is reported by most workers, particularly amongst macrocytic cases, and some have 
noted a higher incidence of Wassermann-positive cases than occurs amongst the 
general population. 

6. It has been shown that the blood picture of the normal healthy city-dwelling 

Indian living on a good mixed diet conforms closely to the standards that are based 
on observations made amongst Europeans in Europe and America, but, on the other 
hand, that in rural populations and in Indians of the lower economic strata, the 
liamioglobin level of the whole population may be much lower than the above-men- 
tioned standards and there may be other evidence in the blood picture of dys-heemo- 
poiesis ; whilst these observations apply also to the so-called normal individuals, 
there are in the latter populations a large number who show definite clinical signs of 
anosmia. ° 


7. 'With rare exceptions, the astiological factors, in so far as they have been 
identified, that produce clinical anaemia, whilst they exert their greatest effect in 
the case of the frankly anaemic individual, also affect the individuals of the general 
population to a greater or lesser extent, and it seems reasonable to assume that 
these are the factors mainly responsible for producing the state of dys-hasmopoiesis 
widespread in these particular populations. 

8 - lt J as been that amongst the general populations in places where 

Tliese am?— 05 36611 t lCre are three types of ana3mia that are very common. 


(a) A microcytic hypochromic iron-deficiency anemia due to living on a diet 
actually deficient m available iron, or to continuous loss of blood, 
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usually from hookworm infection, in people living on a diet low in 
available iron. 

A macrocytic hyper chromic anaemia due to a deficiency in the diet of 
some substance that is present in autolysed yeast and in crude liver 
extracts, which anaemia is distinguishable from pernicious anajmia 
by the presence of free acid in the gastric secretions, the absence of 
neurological symptoms, a negative van den Bergh (indirect) test, and 
the absence of typical response to purified liver extracts (Anahserain). 

A second type of macrocytic hyperchromic anaemia, distinguishable 
from the other type by evidence of increased hsemolysis — namely, 
hyperbilirubinemia (a positive van den Bergh reaction) and a high 
reticulocyte percentage — and usually splenomegaly, which is probably 
associated with chronic malaria and- some degree of dietary deficiency. 

9. It is generally recognized that there is normally in the later months of 
pregnancy an ansemia, which may be a purely physiological ansemia, or due to a 
relative dietary (? protein) deficiency and which is common in many communities 
in other countries ; with this ansemia is associated an increase in the mean corpus- 
cular volume of the red cells. 

10. The incidence of ansemia in pregnancy in India appears to be correlated 
with that of the ansemia in the general population, but in pregnancy the incidence 
is higher and the condition assumes greater importance. 

11. In pregnancy the ansemia shows a more marked macrocytic tendency 
than the anaemia in the general population, though in some localities this is almost 
completely disguised by the associated iron deficiency (or other microcytic-ansemia- 
producing factor). 

12. Ansemia in pregnancy is amenable to suitable treatment in the early 
months of pregnancy, and in some cases in the later months but in the majority 
of these it is only possible to stop or slow down the deterioration of the blood picture 
until after parturition, when an immediate and rapid improvement commences 
in practically all except those cases complicated by sepsis. This sudden and rapid 
improvement is comparable to the sharp rise in hsemoglobin that occurs in certain - 
cases of malaria when the infection is controlled by efficient treatment ; this suggests 
that the inhibitory factor is of the nature of a toxaemia associated with the actual 
presence of the foetus. 

13. The evidence so far collected appears to point to the fact that ansemia 
in pregnancy is due to a combination of the setiological factors that produce anaemia 
in the general population with some factor associated with pregnancy itself and the 
presence of the foetus. 

Some of the common setiological factors are known, probably others are still 
to be discovered : of those that are known, the most important are hookworm in- 
fection and a low available iron intake, as the cause of microcytic anaemia, and 
specific and general dietary deficiency (e.g., absence of the specific factor that occurs 
in autolysed yeast and of biologically-valuable protein), alone or in combination with 
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chronic malarial infection, with its associated splenomegaly, reticulo-endothelial 
proliferation, and increased blood destruction, as the causes of macrocytic ansemia. 

These factors, together with the specific pregnancy factor, _ vary in their m- 
fluenee in different populations that have been investigated and in different mam- 
duals, and produce a variety of blood pictures microcytic and hypochromic, macro- 
cytic and hyperchromic, and, where two opposing influences are acting more or less 
equally in the same individual, normocytic and hypochromic, macrocytic or normo- 
cytic and orthochromic, or rarely some other combination. 

The effect of pregnancy itself, it has been suggested, is solely in the 
extra demands of that inexorable parasite, the foetus, of essential food substance ; 
this suggestion is supported by the fact that in the sub-clinical anaemia of pregnancy 
the peak of the blood dvscrasia is correlated with the period of maximum, growth 
of the foetus. There is," however, in the writer’s opinion evidence, in addition, of 
some toxaemia associated with the actual presence of the foetus, which inhibits 
hemopoietic response in severe forms of anaemia when in the later months of preg- 
nancy the deficient substances are administered even in full doses, although, after 
the uterus has been emptied, there is an immediate maximal response ; the toxaemia 
is probably a ‘ conditioned toxaemia ’ which only operates when there is an asso- 
ciated specific food deficiency, either absolute or relative. 
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Part I. 

GENERAL INTRODUCTION, MATERIAL, AND TECHNIQUE. 


IsmtODTJCTION. ' ‘ 

One of tlie commonest and most disabling conditions met with in tea-estate 
coolies in Assam is a severe anaemia. Macdonald (1939) gives it as his opinion 
that, among these coolies, ‘tie chief entity responsible for sickness and death 
is anaemia This anaemia has been shown by Napier and Das Gupta (1937a) 
to be, usually, of the microcytic and hypochromic type with the addition, chiefly 
among pregnant females, as has been shown by Napier and Majumdar (1938) 
of certain types having hyperchromic and macrocytic tendencies. Its aetiology 
is a matter of conjecture and some argument, though several possible aetioloeical 
factors are apparent to the tea-estate medical officer. It might be due to 
hookworm infection, to chronic malaria, to dietetic deficiencies or to residence 
in strange conditions, in a foreign country, for all the coolies are non-indigenous 
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and the vast majority are not born in Assam. Macdonald (loc. cit.) has also 
postulated the consumption of certain types of rice and an unknown infective 
factor as being concerned in the aetiology of the disease. I have not been able, 
as yet, to test the validity of these theories on the population among whom my 
own work is being done. 

Haemoglobin standards for persons in normal health have been stated for 
Bombay by Sokhey et al. (1937, 1938), for Madras by Sankaran and Rajagopal, 
(1938), and for Calcutta by Napier (1937). All these determinations show that 
the blood of Indians living in the three principal cities of India is, so far as hsemo- 
globin content is concerned, not inferior to the standards laid down for England by 
Price-Jones (1931) and for America by Haden (1933). 

Haemoglobin standards for tea-estate coolies in certain districts of Assam have 
also been determined by Napier (1937), Napier and Bilimoria (1937), and Napier and 
Majumdar (loc. cit.). The means of those observations are very markedly lower 
than any of the other observations quoted, indicating a partially anaemic state of 
the tea-estate coolie even when in good health. Unfortunately these observations 
appear to be the only ones so far made on rural populations and since those 
particular populations were non-indigenous, it would seem as though there are no 
existing hsematological standards for rural India. 

My position as medical officer of a group of tea estates has rendered it possible 
for me to study several of the problems concerning the setiology of these anaemias 
in a population under a fair measure of control. 

Material. 

The human material dealt with in these investigations varied accordingly to 
the nature of the particular inquiry. Actually, investigations have been carried 
out on samples of almost every community resident on the estates. Members of 
the European staff with their wives and children were examined at one period. 
Members of the Indian staff and their wives and families, also, were examined. 
Other investigations were carried out on apparently healthy men, women, and 
children, of the coolie class, on newly recruited labourers, on clinically anemic 
women who were not pregnant, and on pregnant women who were found to be 
anaemic. 

Technique. 

As I was dealing with a similar community to that in which the majority of 
the work of Napier and his assistants was carried out and as much of my work has 
been complementary to theirs, I followed their technique, on general lines, as far 
as possible. The scope of each investigation varied according to the information 
required, but the items of technique were standardized as follows : — 

Blood examination. 

Hcemoglobin . — All haemoglobin estimations were made with the Sahli instru- 
ment, except for certain large-scale surveys in which the Tallqvist scale was used. 
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The Sahli instrument was graduated in grammes per 100 c.c. of blood. _ This was 
chosen as it appears to be the most accurate of the heemoglobinometers in general 
clinical use and the complete absence of extensive laboratory facilities prevented 
the use of such methods as those of van Slyke or Wong. The precaution was taken 
of using a new instrument to eliminate fading of the standard. In all cases the 
reading was taken after twenty minutes. 

Red and white cells .— A Thoma-Zeiss hsemocytometer was used for the cell 
counts. 

Corpuscular volume . — For the estimation of corpuscular volume a centrifuge 
doing 3,000 revolutions per minute was used and spinning continued until packing 
was complete. Readings were taken after thirteen minutes’ spinning and again 
after another two minutes. Usually no further settlement had taken place but 
in the occasional case which did show a difference, a further two minutes’ spinning 
showed that packing was complete in fifteen minutes. In all cases the value 
obtained was multiplied by Wintrobe’s shrinkage factor, T09, and the figures 
quoted in this paper are the corrected figures. These examinations were carried 
out on oxalated blood, approximately 5 c.c. of venous blood being withdrawn into 
a test-tube containing O'Ol g. of potassium oxalate. 

Abnormal red cells . — Search was made for abnormal red cells in thin films 
stained with Leishman. 

The general plan of haematological technique was intended to reproduce as 
far as possible that standardized by Napier and his assistants and described by 
them in ‘ Haematological Studies in Indians ’, published at various times in the 
Indian Journal of Medical Research. 


Stool examination. 


Helminthic om.— For the diagnosis of helminthic infection a saline concentra- 
tion method was used. Approximately \ c.c. of the faeces was vigorously shaken 
up with 10 c.c. of saturated common salt solution and with this mixture a round 
glass-tube holding 10 c.c. was filled. A cover-slip was placed in contact with the 
surface of the fluid and allowed to remain for at least thirtv minutes Examination 
was carried out with a §-inch objective and a x 9 ocular and degrees of 
infection were expressed as follows : — ^ s e 01 


One egg in less than every five fields • 

One egg in less than every twenty fields 
One egg in more than every twenty fields' 


Heavy. 

Moderate. 

Light. 


Urine examination. 

Only the more common abnormalities were tested for. 



Part II. 


HEMOGLOBIN STANDARDS IN DIFFERING SECTIONS OF THE 
POPULATION IN A GROUP OF TEA ESTATES. 


Introduction. 

It is plausible to suggest that tlie severe anaemia of tea-estate coolies is merely 
an exacerbation of the partial anaemia of that population already referred to and 
that the same aetiological 'factor is responsible for both conditions. This Part 
describes an experiment designed as an attempt to assess the relative importance 
of some of the more obvious factors. 

For this investigation three groups were studied — a group of eighty coolie-class 
men, women, and children, drawn from one estate and all apparently in good health, 
selected at random on a family basis ; the second group consisted of forty men, 
women, and children of the middle class. These were members of the Indian 
staff drawn from all the estates in my medical charge together with their wives 
and families ; they were all in good health and were also selected on a family basis. 
The third group comprised all the European residents of the district available at 
the time who were in good health. 

An estimation of the haemoglobin content of the blood was made and a stool 
examination carried out on every person in all three groups. The possibility of the 
presence of dietetic deficiencies was dealt with by attempting to assess the standard 
of living. The coolie group was divided into three sub-groups whose daily expendi- 
ture on food was over one anna, one anna, and under one anna, per capita. 
Similarly, the Indian staff were divided into three sub-groups with daily per capita 
food expenditure of six annas or more, five annas, and four annas or less. It was 
not possible to sub-divide the European group who all live according to better 
class standards, spending about two rupees daily on food. All lands of food are 
readily obtainable but, in the case of young bachelors, who are catered for by their 
native cooks, the quality of the food served may not always be commensurate with 
the cost to the consumer. In the virtual absence of kala-azar in this district the 
presence of splenomegaly was taken to be indicative of chronic malaria. Residence 
in Assam was dealt with by sub-dividing each group into those who had spent less 
than two years in the Province ( ‘ new residents ’ ) and the remainder ( * old 
residents 5 ). For each sub-group the mean haemoglobin content was calculated 
and statistical tests were applied to determine whether such differences as were 
found between different groups and sub-groups were such as might have arisen by 
chance or not. 


Results. 


The results of the survey as a whole are given in Table I and the haemoglobin 
means, expressed as functions of the aetiological factors investigated, are shown for 
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coolies, Indian staff and European staff, respectively, in Tables II, III, and IV. In 
several instances in the latter two groups the sub-groups are too small to allow of 
reliable statistical comparison, so the principle of tbe smoothed mean has been intro- 
duced. The mean hemoglobin contents of the whole coolie group and of the adult 
decades of that group are materially lower than the standards, 11 "83 g. and 12-63 g. 
per 100 c.c. for males, and 10-03 g. and 11*30 g. per 100 c.c. for females, stated by 
Napier (1937) and than the figures, 12-60 g. and 10*40 g. per 100 c.c. for males and 
females respectively, determined by Napier and Majumdar (loc. cit.). Those estima- 
tions were done on coolies in the Jorehaut and Labac areas and I am given to 
understand that the standard of living in the Jorehaut area is somewhat higher 
than in my own and that the Labac area is more healthy than mine. The estate 
from which the coolies examined in this investigation came has an average annual 
death rate of about 28 per 1,000. 

The figures for the Indian staff, also, are materially lower than any of the 
determinations made on city-living Indians by the workers referred to in Part I. 
I pointed this fact out to some of them and they, themselves, stated quite definitely, 
and on their own initiative, that their standard of living is inferior to that of other 
members of their own class in the large cities, the difference being chiefly due to 
the higher cost of food in the mofussil. 

On the other hand, in the European group, if adult males are considered 
separately, their mean hsemoglobin content is found to be 14-87 g. per 100 c.c. which 
is higher than the figure quoted by Price-Jones (loc. cit.) for London (14-5 g.). 
Similarly, the mean for adult females in my series is 14-23 g. which is higher than 
Price-Jones’ London figure (13-5 g.) and is also higher than the mean quoted by 
Haden {loc. cit.) for American women (12*93 g.). These findings suggest that there 
is some factor operative in Assam which causes a lowering of the haemoglobin level 
in the Indian born but does not affect the white immi grant 


Statistical analysis. 

The standard deviation of the difference of two means can be readily calculated 
from the formula : — 


S.D. (difference) 




(S.D .) 2 , (s.d .) 2 

N ^ ~7T~ 


where S.D. is the standard deviation of one mean and N -l , 

observations on which it is based, and s.d. and n 

tl,o other mean. The standard error of the difference will b^rSl edT* t 
purposes o tins study, as being equal to plus or minus twice the 32 ‘ he 

“££* “"T “■ '* *• 

/-The differences between the three main groups are significant. 
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Table II . — The differences between sub-groups A and D and A and E are 
significant, as also is the difference between males and females. 
There is no significant difference between the ‘ dietetic ’ sub- 
groups nor between the * hookworm infection ’ sections. The 
difference between those with splenomegaly and those without 
is barely significant and that between new and old residents 
is just significant. 

Table III . — The differences between the age-groups A-B and B-C are both 
significant. The male-female difference is not significant and 
the means of the ‘ dietetic ’ sub-groups are very nearly 
identical. With regard to splenomegaly, the sub-group K is 
of small size so that, though the difference Ii-K is significant, 
too great importance must not be attached to it. In the 
‘ hookworm infection ’ series, again, no difference is significant. 
No new residents were examined in this section of the 
population. 

Table IV . — The only significant differences are those between the ‘ age ’ 
sub-groups A-B and A-C. Among those sections dealing with 
splenomegaly and hookworm infection, such correlation as was 
found is negative. 

Table I. 


Results of survey as a whole. 




Coolies. 

Indian 

staff. 

European 

staff. 

Total number examined . . ♦ . 

80 

40 

39 

Number per cent with enlarged spleen . . 

37*5 

12*5 

7*7 

Number per cent infected with hookworm 

70 

32*5 

41 


Highest observation 

11*3 

13*7 

17*5 

Haemoglobin in 

Lowest observation 

7*9 

9*6 

12*0 

grammes per < 
100 c.c. 

Mean 

10*04 

: 12*54 

14*45 


, Standard deviation 

0*79 

0*88 

1*18 

Average daily expenditure per capita on food 

One 

anna. 

i 

Five 

annas. 

Two 

: rupees. 
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Table II. 


Details of survey of eighty coohes. 


%} 

Sub-groups. ( 



Number 

sxamined. 

Mean 

haemoglobin 

content. 

Standard 

deviation. 

/ 

0-9 

A 

12 

9-62 

0*49 


10-19 . • 

B 

16 

9*67 

0’73 


20-29 . • 

C 

20 

10*10 

0*93 

Age in decades * 

30-39 . • 

D 

14 

10*47 

0*68 


40-49 

E 

11 

10*35 

0*68 

\ 

50-59 

F 

7 

9-96 

0-55 


Male 

G 

43 

10*40 

! 0*76 

Sex • • 

[ Female . . 

H 

37 

9*60 

i 

0'61 

| 

Good 

K 

13 

10*05 

0*70 

Diet • • « 

Fair 

L 

41 

10*13 

0*79 


Poor 

M 

26 

9*86 

0*80 


/ Absent - . 

N 

50 

10*17 

0*86 

Splenomegaly . . 

\ Present . . 

O 

30 

9*79 

0*64 


f Absent . . 

P 

24 

10*16 

0*75 


Present . . 

R 

56 

9*97 

0*80 

Hookworm infec- 
tion. 

< Light 

S 

33 

10*05 

0*86 


Moderate 

T 

8 

9*92 

0*51 


* Heavy 

W 

15 

9*84 

0*75 

Residence *. 

f New 

X 

9 

10*60 

0*69 


i Old 

Y 

71 

9*96 

0*78 


3 , MB 


15 
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Table III. 

Details oj survey of forty Indian staff. 


Sub-groups. 


Age in decades 


Sex 


Diet 


Splenomegaly 


Residence 


Hookworm infec- 
tion. 


0-9 

10-19 

20-29 

30-39 

40-49 

50-59 

Male 

Female 

Good 

Fair 

Poor 

Absent 

Present 

Absent 
Present 
Light 
Moderate 
\ Heavy 


j Hew 

1 Old 


Number 

examined. 


11 

3 
5 

10 

7 

4 

28 

12 

18 

8 

14 

35 

5 

27 

13 

7 

6 

Nil 

Nil 

40 


Mean 

haemoglobin 

content. 


13*04 

12*59 

11*51 

12*00 

12*82 

13*21 

12*58 

12*42 

12*73 

12*00 

12*58 

12*62 

11*55 

12*70 

12*20 

12*24 

12*16 


12*54 


Smoothed 

mean. 


12*95 A 

11*84 B 

12*97 C 

D 

E 

12*51 F 
G 

H 

K 

L 

M 

N 

0 

P 

R 
* S 


Standard 

deviation. 


0*67 

0*80 

0*67 

0*72 

1*17 

0*93 

0*7G 

0*76 

M2 

0*72 

1*07 

1*11 

0*83 


0*88 
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In the European group, as pointed out above, the hemoglobin levels for adult 
males and females compare favourably with those determined for white races else- 
where. The mean for the decade 0-9, moreover, lies well within the normal l imi ts 
for children as stated by Eitz-Hugh (3938) and there are no significant differences 
between any pairs of observations not connected with age grouping. I therefore 
conclude that the climate of Assam is probably not an important factor in the 
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production of anaemia and tliat, in this group, malaria and hookworm infection 
are equally lacking in effect. 

Among the Indian staff, the haemoglobin level in the children is slightly higher 
than that of the same age group in the European section and is, of course, well 
within Fitz-Hugh’s normal limits. This occurs in spite of the fact that these 
children are constantly exposed to the ravages of malaria and hookworm infection. 
This fact, coupled with the absence of significant differences between the various 
hookworm infection sub-groups, lends additional support to the impression that 
neither malaria nor hookworm infection is the primary cause of anaemia in Assam. 
There is, however, a very striking and significant (statistically) lowering of the 
haemoglobin level in the middle two decades of life and a return to childhood level 
in the fifth and sixth decades. As a fact which may have some bearing on this 
extraordinary state of affairs, I would remark that salaries and standard of living, 
generally, are highest among the older members of the Indian staff and that it is 
a point of honour with the average member of this class to feed his children as well 
as he can possibly afford, even denying himself to do so. Whatever it may be, there 
is certainly some factor operative in Assam which prevents the blood of the Indian 
born attaining normal levels in adult life and it would appear that this factor is not 
racial since it does not operate in the large cities of India. 

We are now in a position to examine the figures in the coolie group in the light 
of these findings. Though the difference between old and new residents is just 
significant, too much reliance cannot be placed on this fact as the sub-group X is 
small. Hookworm infection does not appear to be of any greater moment as a 
primary cetiological factor than it does in the other two groups and, though chronic 
malaria, as indicated by splenomegaly, does appear to have some bearing, it must 
be borne in mind that, of the thirty persons with enlarged spleens, the majority 
were under the age of twenty. The group, as a whole, shows the normal rise in 
hajmoglobin from childhood up to adult life so that the lower levels of the first two 
decades are probably physiological and not, as might be argued, the result of 
weighing by chronic malaria. Within the rather narrow limits of the local coolie 
standard of living, variations in diet do not appear to be important. The signi- 
ficantly lower level of haemoglobin in females is not surprising in view of the fact 
that the coolie’s wife works on the estate in addition to bearing children and per- 
forming her household duties. The striking fact about this group, as a whole, is 
that, though the normal increase in haemoglobin level occurs as adult life is reached 
(in contrast to what occurs in the Indian staff), the levels throughout are so 
definitely depressed. The obvious inference is that the factor responsible is opera- 
tive throughout life. In order to test the validity of this assumption, I made 
weekly estimations in seven babies from the end of the first week of life to the end 
of the eighth. All these babies were in good health during the whole period of the 
investigation : they were all breast-fed and the mothers were healthy and were 
not receiving any special diet or any medical treatment. The means for each week 
together with Fitz-Hugh’s normal ranges are set out in Table V. The coolie babies 
are seen to lose 4-28 grammes of haemoglobin per 100 c.c. of blood during the first 
two months of life. The difference between the arithmetic means of Fitz-Hugk s 
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A i s exactly 4*0. It seems therefore reasonable to assume that, 

“S ofX^ooh“ the partially anaemic state is actually congenital and 

Lf started ofi wiU ^ iow standardf subsequent variations in the haemoglobin 
level conform to the ordinary physiological variations seen in the white races. 


Table Y. 


Weekly observations on seven coolie babies. 


Age in weeks. 

1 

Mean 

haemoglobin 
content in 
g. per 100 c.c. 

Normal hemoglobin 
CONTENT IN G. EER 

100 c.c. 

Minimum. 

Maximum. 

One • • 

14*34 

17-0 

28-0 



arithmetic mean — 22*5 

Two 

12*84 



Three 

11*98 



Fuur 

11-13 

i 


Eive 

11-10 

11-0 

26*0 



arithmetic mean — 18-5 

Sis 

10-48 



Seven 

10-16 



Eight ».» 

10-06 




When one considers the enormously conglomerate character of the coolie 
population, drawn from many provinces and of many castes, the only factor, 
operating throughout life, which is likely to be common to all and will agree with 
the facts of the present inquiry, is the dietetic factor. Napier and Majumdar ( loc . 
cit.) report that a diet survey, carried out among tea-estate coolies in Cachar, 
revealed a strikingly severe deficiency in calcium intake. That finding bears out 
my own clinical impression, gained in the course of my visits to the estates, that 
the intake of calcium in the form of milk is woefully insufficient. Only a limited 
amount of fresh cow’s milk is available, at a somewhat excessive price, and 
practically all this is used by the European community and the Indian staff who 
give the majority of their supply to their children. The coolies hardly ever taste 
milk except when they become hospital in-patients. The lack of this particular 
item of diet may or may not be of primary importance as an setiological factor 
but I feel convinced that some continuous dietetic insufficiency offers the only 
adequate explanation of the enormous differences seen in Table I and of the marked 
correlation between hemoglobin level and expenditure on food, which is so close 
that it could hardly have arisen by chance. 
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Summary. 

1. Attention is drawn to the low haemoglobin level of the blood of tea-estate 
coolies as compared with city-living Indians and it is suggested that the commonly- 
occurring severe microcytic hypochromic anaemia is an exacerbation of this 
partially anaemic state. 

2. A survey is described which included estimation of haemoglobin and 
examination of stools for hookworm ova in coolies, Indian staff, and European 
staff, associated with a group of tea estates. Details of the technique employed 
are given. 

The results are tabulated and subjected to statistical analysis. 

3. Within the scope of the investigation, the only constant and important 
correlation found to exist was that between standard of living and haemoglobin 
content. 



Part III. 


POSSIBLE INDICATIONS OF THE HEMATOLOGICAL STANDARDS OF 
THE RURAL POPULATIONS OF CERTAIN PARTS OF INDIA. 

Introduction. 

It lias been pointed out in Part II of this paper that the blood of tea-estate: 
coolies in Assam is deficient in haemoglobin as compared with western and urban 
Indian standards and the conclusion was reached that this deficiency is congenital. 
Since none of these coolies are indigenous and only a small proportion are Assam-, 
born it is difficult to see how residence in Assam can be blamed for it. The obvious 
implication is that the village dwellers of India, from whose ranks the tea-estate 
labourer is drawn, suffer from a similar deficiency of hsemoglobin : in other words, 
that the blood standards of rural India are not the same as those of urban India. 
Unfortunately, as was pointed out in Part I, no worker has yet recorded standards 
for rural India. This Part records an attempt to make good this deficiency. 

Since every year, in the spring, a large number of rural Indians come up to 
Assam as recruited labourers for the tea estates, it appeared that here was a sample 
for investigation ready to hand. In order to avoid vitiating the results great care 
was taken to ensure that no person selected for examination had ever been in, 
Assam before. All were carefully examined to exclude physical disease and all 
examinations were made within forty-eight hours of the subject’s arrival on the 
estate, that is within a fortnight of his leaving his own home. By careful question- 
ing, again, recruits from malarious villages and those who were subject to attacks 
of ‘ fever ’ were excluded and this precaution was extended further by examining 
only married couples who had children with them and none of whose children had 
any enlargement of the spleen. 

I think it can fairly be claimed that the persons examined were reasonably 
free from disease and were, in fact, a picked sample of the tea-labour recruit popu-< 
lation. There is no reason to suppose that they were not, also, a picked sample 
of the rural population from ivliich they were drawn. 

Eleven men and eleven women, fulfilling the conditions laid down above, werb 
subjected to full hamiatological and stool examinations according to the technique 
described in Part I. All examinations were made between the hours of 2-0 n m 
and 4-0 p.m. 9 

Districts of origin. 

disown the tap. 110 ” ^ ‘ he SUbie ° tS TCHe recruitecl are markrf black 

from Koraput. 

„ Ganjam. ; 

„ Sambalpur. I 

„ Chaibassa. 

„ Ranchi. 1 
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12 persons came 

4 „ 

2 „ 

2 „ 

2 .. 


>3 

>3 

35 
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Map. 

Sketch-map oj India showing * districts oj origin \ 
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Age. 

The ages of those examined varied from fifteen to forty-five years. 

Helminthic infections. 

Trichuris.— Four, or 18-2 per cent, were * lightly ’ infected. The remainder 
were not infected. 

Ascaris. — Eight, or 36-4 per cent, were infected. Of these four were ‘ light ’, 
one was ‘ moderate ’, and three were c heavy ’ infections. 

Hoohvorm. — Fourteen, or 63-6 per cent, were found to be infected, graded and 
compared with the eighty garden coolies described in Part II as follows : — 


Infection. 

Recruits, 
per cent. 

Garden coolies, 
per cent. 

Heavy 

_ 1 

1 or 4*5 

18*7 

Moderate 

5 or 22*7 

10*0 

Light 

8 or 36*4 

41*3 

Nil 

8 or 36*4 

30*0 


In the present series the proportion of heavy infections was lower but that 
of light infections was nearly identical. 


xUEMATOLOGICAL DATA. 

Hamiogbbin. In males the hemoglobin content varied from 10-8 s to 
14-0 g. per 100 c.c. of blood, the mean being 11-77 g. S ' 

4 cases had values between 10-5 and 11-49 grammes. 

5 » „ 11*5 „ 12-49 „ 

} » » 12-5 „ 13-49 

1 „ 13*5 „ 14-49 „ 

The values in females varied from 9-8 g. to 11-8 g„ the mean being 10-85 s 
3 cases had values between 9-5 and 10-49 grammes 

z ” » H-5 „ 12-49 

figure of 10-25 g. whicht^ t^ combined mean fJm F* 7 b f) e f com P ar ® d with the » 
and fourth decades of life in the coolie series reported “ tbe tbird 

are markedly lower than any of the numerous nhc f- these means 

climates tabulated by Kennedy (1939) In Table Vj\ imS 1°* b ° tb bot and coid 
observations of Napier (1937), Napier and Rib™ 1 n been summarized the 

.< ju rsL'tztis-x 
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Compared with their figures, the mean for males in the present group is a little 
lower than their lowest mean for males, while the female mean is only a little 
lower than their highest female mean. In other words, the difference between 
the sexes in this series is not so marked as it is in those quoted. 

Table VI. 


Relevant means of observations on tea-estate coolies published by 
Napier and his assistants. 


Observation. 

Napier 

( 1937 ). 

Napier and 
Bilimoria 
(1937). 

Napier and 
Majumdar 
(1938). 

Males. 

Erythrocytes in millions / 
per c.mm. ^ 

5-35 

5-27 

} - 

5-057 

Hcemoglobin in grammes 
per 100 c.c. 

11’83 

12*63 

} - 

12 60 

M. 0. H. in micro -micro- 
grams. 

23*93 

•• 

25*14 

M. C. V. in cubic microns 

71-29 

•• 

84*93 

1 

M. C. H. C. in per cent . . 

32-50 

- 

29*72 


Females. 


Erythrocytes 


Hemoglobin 


M. C. H. 


M. C. V. 


M. C. H. C. 


4*55 

) 



V 4*55 

4*454 

4*93 

1 


10*03 

i 

i 




1 

i | 

10*80 

10*40 

11*30 

! j 



23*35 

24*50 

23*42 

72*30 

77*30 

82*49 

1 

33*07 

31*20 

28*67 
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Red blood cells.— In males the red cell counts ranged from 3-85 to 6-26 millions 
per ctmm , the mean being 5*354. 

The female counts ranged from 4*25 to 6-20 millions per c.mm., the mean 


being 5*226. 

The mean for the whole series was 5*290 millions. The mean for males is 
extremely close to the weighted mean, 5*30 millions, for males in both hot and 
temperate climates as determined by Kennedy (he. cit.). Compared with the 
findings of the Napier group, the mean for males is equal to the highest ot their 
determinations and that tor females is higher than any of their female means. 


White blood cells .— In males the leucocyte counts varied from 4,600 to 11,200 
per c.mm., the mean being 8,000. 

The range of counts in females was from 6,600 to 12,600, the mean being 
8,836. 

The mean for the whole series was 8,418 per c.mm. All three means are 
somewhat higher than those usually quoted in textbooks as the c normal ’ counts 
and are, also, higher than the means determined for coolies in Labac by Napier 
and Majumdar (loo. cit.), 7,111 for men and 6,456 for women, but all the counts in 
this series, with one possible exception, were within normal limits. 

Mean corpuscular hcemoglobin . — In males values of M. C. H. varied from 
17*79yy to 30*65yy, the mean being 22*412yy. 

Values in females ranged from 16*45yy to 25*88yy, the mean being 21*102 yy. 
The mean for the whole series was 21*757yy. The means in the present 
series are lower than any of the means of the Napier group, but they fall within the 
possible limits of sampling error. 

Mean corpuscular volume . — In males the range of values of M. C. V. was from 
65*68 to 113*25 cubic microns, the mean being 79*262. 


Values in females varied from 62*41 to 94*39 cubic microns, the mean being 
74*860. 


The mean for the whole series was 77*061 cubic microns. The figures for 
M. C. V. determinations by the Napier group are probably not all quite correct 
since Napier and Majumdar (loc. cit.) state that, owing to a defective centrifuge, 
the means in the 1938 series are too high by about five per cent. If this correction 

is taken into account the means in the present series agree very well with their 
observations. 


Mean corpuscular hemoglobin concentration .— In males the values of M. C. H. 0 
ranged from 25*64 to 29*87 per cent, the mean being 28*293. 

bMg T 28“o9 8 p^ cent. eS “ 25 64 *° 30 ' 76 P er cent . mean 

The mean for the series as a whole was 28*231 ner cent Dup tn +i, 0 
lower values of haemoglobin found in this series, the means for M C H O v«l & 
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Clinical Investigations into Ancemia in Assam. 

Conclusions. 

The results of the investigations made on these recruits agree sufficiently well 
with the determinations made by Kapier and his assistants on tea-estate coolies' 
in both valleys of Assam to support the suggestion that the partially anserine state 
of the c normal ’ coolie is shared by the other inhabitants of the villages in rural 
India whence he comes. There may, or may not, be a further deterioration following 
residence in Assam, due to various factors peculiar to the Province, but such 
deterioration, if it occurs, is in no way comparable with the serious alteration which 
is found in the coolie who has developed clinical * anaemia *. 

As compared with Western standards the rural Indian may be said to have 
a normal number of red and w-hite cells in the blood, but the haemoglobin content 
of the blood is deficient by about twenty-five per cent. Owing to the fact that 
the size of the red cells is also reduced, saturation of the cells is almost complete. 
This is the condition said by hematologists to result from some interference with 
the hemopoietic system in the normoblast-erythrocyte stage. 

I have suggested that the severe anemia of tea-estate coolies is merely an 
exacerbation of their partially anemic state and that the etiology of the two 
conditions is the same. If this suggestion is correct then the etiological factor 
responsible is not peculiar to Assam but must be one which is common both to 
Assam and to all the various labour recruiting areas from which the tea-estate 
population is drawn. 

Summary. 

1. An investigation into the condition of the blood of twenty-two newly 
recruited tea-estate coolies is described. 

2. Steps were taken to ensure that all subjects had not previously resided in 
Assam, were free from disease, had not come from malarious villages and had not 
left their homes more than fourteen days previously. 

3. The blood standards of rural India can be provisionally stated to be as 
follows : — 



Male. 

Female, 

R. B, 0. in millions per c.mm. 

, 5-354 

6-22G 

Hemoglobin in g. per 100 c.c. 

11-77 

10-85 

\V. B. C, per c.mm . 

! 8,000 

8,830 

M. C, H, in micro-micrograms 

22-412 

21-102 

M. C. V, in cubic microns 

79-262 

74-860 

M. C. H« C. in per cent 

28'293 

28-169 
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PROTOCOL. 



Stool. 

R. B. C. in millions 
per c.inm. 

Haemoglobin in g. 
per 100 c.c. 

JI. C. H. in micro- 
micrograms. 

M. C. V. in cubic 
microns. 

JI. C. H. C. in per 
cent. 

Hookworm. 

Ascaris. 

Trichuris. 

. • 

M 



6-10 

12*7 

20*82 

69*69 

1 29-87 

• • 

L 

•• 


5*09 

11*4 

22*39 

72-81 

30*76 

• • 

•• 

•• 


4-67 

11*0 

23*98 

79*35 

29-68 

• • 

•* 



6*20 

10*2 

16*45 

62*41 

26-36 

ur 

L 

•• 


6-26 

14*0 

22*36 

76*61 

29*19 


L 



4-25 

11*0 

25-88 

84*63 

30-58 


•• 

L 


4*85 

11*6 

23-92 

85*40 

28-00 

•• 

L 

H 


6*17 

11*8 

19-11 

66*25 

28-87 


•• 



5*32 

11-6 

21-81 

74-78 

29-16 

•• 

H 

M 


4*33 

11*0 

25-40 

94-39 

26-91 

a 

L 

•• 


3-85 

11-8 

30-65 

113*25 

27-06 


•• 

L 


4*66 

9*8 

21-03 

80-69 

26-06 

*• 

jr 


L 

6*07 

10*8 

1 

17-79 

70-03 

25-64 


L 

•• 


5*17 

11*6 

22-44 

79-06 

28-38 



•• 


6*14 

11*6 

18-89 

65-68 

28-76 


L 

•• 


5*62 

10*8 

19-22 

70-79 

27-15 


•• 

i 


5*11 

11*2 

21-92 

76-79 

28-54 

• • 

*• 

1 

’• 1 


5*66 

10*2 

18-02 

70-29 

25-64 

* • 

jr 

L 

L 

5*78 

12*0 

20-76 

76-37 

27-18 

• * 

L 

L 

•• 

5*58 

10*6 

18-99 

65-43 

29-03 

• • 

JI 

H | 

i 

L 

4*74 

11-2 

23-63 

83-93 

28-14 

1. 

M | 

1 

H | 

( 

L 

4*76 

11*0 

23-19 

76-71 

30-12 


o 

& 

a 

s 

pj 

*c 

o 

K} 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 
1G 

17 

18 

19 

20 
21 
oo 


c3 

O 

>> 

.2 

o 

to 

< 


28 

22 

25 

20 

45 

40 

27 

25 

30 

27 

20 

IS 

25 

21 

30 

20 

1G 

15 

25 

22 

32 

23 


I 


.5 

;g> 

‘u 

o 

<Uh 

O 


M. 

F. 

M. 

F. 

M. 

F. 

F. 

M. 

F. 

M. 

F. 

JI. 

F. 

M. 

F. 

JI. 

F. 

JI. 

F. 

Jr. 

F. 


Koraput 

Gan jam 


Koraput 


Chaibassa 

Ranchi 

>» 

Ganjam 

Koraput 


M = Moderate infection. 


a 

a 

o 

f-i 

<D 

ft 

b 

ri 

fe 


8,200 

10,000 

4.600 

9.800 

6.800 

7.400 

7.200 

6.600 

9.200 
7,000 

9.200 
12,600 

6.400 
11,000 
11,200 

8.200 
10,000 

7,800 

8,200 

8,600 

7,000 

8,200 


L ~ L, ' ght infection - H = Heavy infection. 


Nucleated red cells. 



Part IV. 


THE’ INCIDENCE OF ANAEMIA IN THREE TEA ESTATES. 

Entrodu cuon . 

In Part II of this paper it has been shown that the most probable factor 
responsible for the ansemias of tea-estate coolies in Assam is defective nutrition. 
This Part describes a statistical investigation into the eetiology of these aneemias in 
the form of a consideration of the relationship between the incidence of amemia on 
different estates and certain possible setiological factors. Three estates were chosen 
for this study for several reasons ; first, they are of comparable size, having working 
populations of 1,273, 1,070, and 1,494 : secondly, they are each regularly ‘ combed 5 
every month by the Assistant Medical Officers, all three of whom are reliable men : 
thirdly, spleen rates had previously been recorded on all three by me personally. 
I am convinced that, on these estates, all cases of anemia are detected because, at 
my periodical musters of the population, I have not been able to detect any anaunics 
who have not already been listed for treatment. I feel, therefore, that the figures 
embodied in Table VII are as nearly accurate as is possible in an investigation of 
this nature. I have not compared hookworm infection rates for the three estates 
as I have not done stool surveys on two of them and I have found that the infection 
rates on other estates do not differ very markedly. It is probable that these estates 
do not differ greatly in this respect, some four-fifths of the working population 
being infected with hookworm. 


Table VII. 




Estates. 



‘ A\ 

«B\ 

‘O’. 

Mean total population 

< October 1937 to September 
( 1933. 

| 2,202 

1,860 

2,337 

Mean working population 

f October 1937 to September 
\ 1938. 

| 1,273 

I 

1,070 

I 

1,494 

Percentage spleen rates 

February 1938 

49 

38 

38 


r August 

47*1 

75-0 

86*4 

Cases of malaria per thousand of j 


76-1 

93*7 

total population in three worst j 
months of 193S. | 

September 

34*4 

66-1 

96*3 

L October 

41*7 
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Table VII — conoid. 


Cases of anaemia in working 
adults per thousand working 
adults in four quarters. 


October to December 
January to March 
April to June 
July to September 


Cases as above for the twelve months 


Cases of azuemza in working 
children per thousand working 
children in four quarters. 


October to December 
January to March 
April to June 
July to September 


Cases ns above for the twelve months 


Adults. 


Average earnings per hour J 
in annas in four months. 1 


Children. 


Average earnings per day 
3,1 nil **as for two months' 


Adults. 


Children. 


January 
April 
July 
October 

January 
April 
July 
October 

j March 
\ September 

March 
September 


Estates. 



1 B\ 

‘C’. 

11*6 

29*8 

38-7 

14-5 

4*9 

58*3 

20*3 

18*1 

62*0 

20-7 

12*4 

53*2 

66*8 

65*0 

215-4 

4*9 

44*2 

54*4 

10*1 

11-3 

17*5 

12-0 

41*0 

34-3 

12 - 9 

14*9 

20-3 

39*3 

1 

111*9 

124-2 

0*95 

0-80 

0-45 

0*85 

0-75 

0 - 65 

1*15 

0-70 

0-65 

1*40 

0-85 

0-90 

0*95 

0-50 

0-30 

0*90 

0-45 

0-40 

1*20 

0-45 

0-50 

1*60 

0-70 

0-65 • 

4*45 

4-60 

5-10 

6*90 

6-65 

8-00 

3*10 

2-70 

3-70 

4*70 

6-75 

5-00 
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Clinical Investigations into Anaemia in Assam. 


Malaria has, in the past, been commonly blamed for these anaemias by medical 
and lay authorities alike and has recently been incriminated by Fairley el at (1938) 
as the precipitating cause of macrocytic anaemia in Macedonia. In the discussion 
on this paper Fraser stated that, in his experience, there was a definite relationship 
between the prevalence of macrocytic anaemia in pregnancy and the prevalence of 
malaria in tea estates in Assam. The incidence of macrocytic anaemia in pregnancy 
is not necessarily proportional to that of anaemia in general but for comparison I 
have tabulated the incidence of clinical malaria during the three worst months 
of 1938 for the three estates together with their spleen rates. These rates were 
determined in February 1938 and were obtained by examination of every child 
between the ages of two and ten years. 

The nutritional theory of origin has received more support recently, but is 
very difficult to test for the average coolie is so unreliable in his statements and so 
amenable to suggestion and the leading question that accurate diet Histories are 
exceedingly difficult to obtain. I have therefore relied on money earnings as an 
index of nutritional level. I feel I am justified in doing so for several reasons. A 
similar proportion of the inhabitants of all three estates rent and cultivate paddy 
land : the vast majority on all three drink only moderately of country liquor : the 
proportion of working population to total population on all three is very nearly 
identical : and, lastly, none of the coolies save much money. The probability is 
that on all three estates the proportion of the total earnings spent on food is nearly 
identical though the amounts may vary quite a good deal. The circumstances 
regulating the consumption of food may also have a bearing on our problem. If 
the labour force are compelled to work long hours they are likely to have to consume 
food which has been hurriedly prepared and, possibly, unsuitable types of food. 
Moreover, ease of digestion is interfered with and so some loss of absorption may be 
expected. The daily earnings being known, the amount of money earned per hour 
becomes an index of the length of the working day. I have therefore tabulated 
both these items. 


Conclusions to be draivn from Table V II. 

A glance at Table VII shows that : — 

There does not appear to be any constant seasonal variation in the incidence 
of anremia. 

The anaemia incidence rates in working adults on estates A and B are practically 
equal and are less than one-third of the rate on estate G. 

The daily earnings of working adults on estate C are actually higher than those 
on the others. 

The hourly earnings of working adults on estate C are lower than those of the 
others, the difference being especially marked in January. 

The aneemia incidence rates in working children on estates B and C are nearly 
equal and are three times the rate on estate A. 

The daily earnings of children on estate A are the lowest in the second half 
of the year and are not the highest in the first half. 
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The hourly earnings of the children on estate A are more than double those 
on the other two. 

Though estate A shows a markedly lower attack rate of clinical malaria than 
the others, its spleen rate is markedly greater and blackwater fever has occurred 
from time to time on that particular estate. 

Discussion. 

The evidence with regard to malaria appears to be inconclusive and there is 
no positive correlation between the incidence of anaemia and minimal daily earnings. 

* There is, however, a clearly marked relationship between minimal hourly earnings 
and anaemia incidence : in other words the chances of anaemia increase with the 
length of the working day. 

Unfortunately this fact is capable of more than one interpretation : we may 
postulate a nutritional anaemia due to inability to consume food at leisure : we 
may equally well incriminate physical fatigue as the cause of the anaemia : on the 
other hand we may argue that the anaemic coolie is less efficient and takes longer 
to fill his allotted task. I do not subscribe to the third suggestion in view of a 
statement by the Assistant Medical Officer of estate B which, unfortunately, cannot 
be supported by statistical evidence as the figures are not now available. He says 
that previous to 1932 the incidence of anaemia on this estate was more than 
double what it is to-day although a much higher rate of daily wages was paid at 
that time, long hours being worked. "When the financial slump occurred, both 
■hours of work and rates of pay were drastically reduced and, unexpectedly, the 
incidence of anaemia fell rapidly although no other likely aetiological factors were 
affected. There has never been any attempt at malaria control on this estate nor 
has any system of conservancy been adopted nor mass anthelmintic treatment 
given. 

It would appear that, beyond a certain minimmn, daily earnings need not be 
seriously considered in the study of the aetiology of anaemia, a finding which is 
supported by the fact, noted in Part H, that variations in the coolie standard of 
living, so long as they were within the normal range, did not affect the haemoglobin 
level. . The important factor appears to be the length of the working day but there 
is no indication as to whether fatigue is the vital feature or the inability of the 
coolie to consume and digest suitably chosen and adequately cooked food. 


J, MR 


16 



Part V. 


DATA COLLECTED EDOM TWENTY CASES OF MARKED 
ANEMIA IN NON-PREGNANT WOMEN. 

Introduction. 

Since, to the best of my knowledge, tbe only series of cases of amemia, not 
complicating pregnancy, in tea-estate coolies, reported in tbe literature is that of 
Napier and Das Gupta (1937a) it seemed advisable to confirm their findings in this 
district, which lies about one hundred miles away from the scene of their investiga- 
tions. 

For this study twenty women who had been admitted to hospital on one estate 
for anti-ansemic treatment were examined. They had been selected as amende 
by the Assistant Medical Officer of the estate during his monthly inspections of the 
labour force and, as opportunity offered for carrying out a luematological examina- 
tion, such patients as were newly admitted to hospital and had received no treatment 
were subjected to examination. In this way no conscious selection of cases 
occurred and the findings reported in this paper are probably representative of the 
amentia of non-pregnant women as seen in this district as a whole. As in Napier 
and Das Gupta’s series the selection by the Assistant Medical Officer was made on 
clinical grounds and confirmed by a reading on the Tallqvist scale, a haemoglobin 
value of fifty per cent or lower being regarded as indicating a severe degree of 
anaemia. The usual reasons for selection were general malaise (the woman being 
regarded as lazy), dyspnoea on exertion, and, occasionally, some puffiness of the 
face. In all cases there was marked pallor of the mucous membranes. Night- 
blindness was common but other signs of gross vitamin deficiency were absent. 

Each case was submitted to a fairly complete physical examination and to stool 
and hsematological examinations, following the technique described in Part I. All 
examinations were carried out between the hours of two and four in the afternoon. 

As a result of the hsematological investigations, the cases divided themselves 
into two well-defined groups. The larger group of eighteen cases contained no 
woman with mean corpuscular volume greater than 85 cubic microns : the highest 
actual value was 81-52. This I have designated the microcytic-hypochromic group. 
The smaller group had higher values of M. C. Y. and will be discussed as the macro- 
microcytic group. 

Findings in the microcytic-hypochromic group. 

Age . — The age distribution of the cases was as follows : — 

7 cases were between 15 and 19 years. 

2 ,, >> 

3 ,, !> 

4 „ jj 

2 ,5 J> 
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The preponderance of cases in the earliest age group is interesting as it confirms 
a finding by Napier and Das Gupta (1937a) in their * first series . 

Residence in Assam .— None of the women were indigenous Assamese though 
two were born in Assam. Of the remainder : — 

I had resided in Assam less than 1 year. 

5 „ „ „ 5 y ears - 

10 ,, ,, more than 5 „ 

This distribution is reasonably in accordance with the general distribution of 
the population of this particular estate. 

Previous anaemia . — Of the eighteen women no less than fifteen had been 
previously treated for antenna. On this estate the treatment of anaemia is partic- 
ularly thorough : all cases are given adequate anthelmintic treatment as in-patients 
and are also treated intensively with iron and a full diet. Evidently these recurrent 
cases relapse after returning to their own homes : I am not, at the moment, 
prepared to offer any explanation of this fact. 

Condition of spleen and liver . — In no case was the liver enlarged but the spleen 
was palpable in two women, both of whom had been previously treated for 
ansemia. 

History of recent malaria . — In only two cases was there a history of an attack 
of ‘ fever ’ during the preceding three months which, in every instance, covered 
at least two months of the most active period of transmission. Both these cases 
were in the previously treated group and one had an enlarged spleen. As the 
spleen rate in children on this estate is 38 per cent, the presence of two instances of 
splenomegaly and two histories of recent malaria is probably merely what would 
be observed in any unselected sample of the general adult population. 

Hookworm infection . — This series showed a 100 per cent infection^rate 
distributed as follows : — 

5 cases had light infections. 

2 „ moderate „ 

II „ heavy 


The proportion of heavy infections is much higher than would be expected in 
a group of healthy persons (see Part II of this paper) but is in accordance with the 
experience of Napier and Das Gupta (1937a). 

. Ascaris and trichuris infections .— Light infections of roundworm were found 
in two women and one had a moderate infection of whipworm. 

urine^ofTny trace of either sugar or albumin was found in the 

in 4'?„r CUUiC "' examinati0 “ of hmgi failed to disclose aay abnormity 
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Cardiac enlargement. — No case showed any gross enlargement of the heart. 

Cardiac sounds. — A haemic bruit was detected in eleven cases. Otherwise no 
abnormalities were found and examination of the cardiovascular system failed to 
reveal any evidence of syphilis. 

Pulse rate. — The pulse rate, taken at rest, and after steps had been taken to 
allay nervous excitement, was above 80 per minute in thirteen cases. 

The tendency to a slightly increased pulse rate is presumably due to some 
degree of oxygen lack. 

(Edema of the extremities. — Obvious oedema of the feet and legs was not 
observed in any case. 

Red cell counts. — The number of erythrocytes per c.mm. of blood varied 
from 2*04 to 5*01 millions, the mean being 3-41 millions. The distribution was 
fairly central. 

Reference to the figures quoted in Part III of this paper will show that there 
was in the majority of these cases a gross deficiency in the number of red cells in the 
peripheral blood. 

Haemoglobin content. — The lowest value of haemoglobin was 2*6 g. per 100 c.c. 
of blood and the highest was 9*0 g., the mean being 5*08 g. The distribution was 
as follows : — 

Haemoglobin in 1 case was between 2*0 and 2-9 grammes. 


33 

33 

5 

33 

3 3 

3*0 

33 

3*9 

33 

33 

33 

4 

33 

33 

4*0 

33 

4*9 

33 

33 

33 

3 

33 

5 ? 

5*0 

33 

5*9 

33 

33 

33 

1 

33 

33 

6*0 

33 

6*9 

33 

33 

33 

2 

33 

33 

7*0 

33 

7*9 

33 

33 

33 

2 

3 3 

33 

8*0 

33 

9*0 

33 


Reference, again, to Part III will show that in all cases there was a deficiency 
of haemoglobin which, in the majority, amounted to a gross defect. 

Mean corpuscular haemoglobin . — The values of M. C. H. in micro-micrograms 
ranged from 9*86 to 19*94, the mean being 14*67 and the distribution was 
central. 

All the cases can be said to be hypochromic by any standard. 

Mean corpuscular volume. — The lowest value of M. C. V. in cubic microns was 
59 -86 and the highest was 81*52, the mean being 73*58. 

The mean value of M. C. V. was only slightly below that for female new coolies 
(see Part III) but all cases had values below 85 cubic microns. Though Napier 
and Majumdar ( loc . cit.) have suggested that any case with a value of M. C. V. over 
75 cubic microns should be regarded as normocytic, I cannot subscribe to such 
a low limit and consider that, compared with the normal values determined for 
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Britain, America, and urban India, a M. C. V. even as high as 81-52 cubic microns 
can safely be regarded as indicating a microcytic condition If we were consid g 
cell size in relation to that determined for the normal healthy tea-estate coolie we 
would have to fix a much lower level than 75 cubic microns above which any case 
would be classed as normocytic. I prefer to regard the general coolie population 
as having a microcytic condition of the red cells and this particular series of cases 
as being all instances of microcytic-hypochromic ansemia. 

Mean corpuscular haemoglobin concentration . — The lowest value calculated was 
15-11 per cent, the highest 26-21 per cent, and the mean 19-89 per cent. 

In all eighteen cases the saturation of the red cells with haemoglobin was 
deficient. 


White cell counts .-— The number of leucocytes per c.mm. ranged from 2,800 
to 16,000, the mean being 6,090. In thirteen cases the number was between 4,000 
and 8,000, so that it may be said that the counts did not materially differ from 
those usually considered to be ‘ normal ’. 

Stained films .— All the films showed fairly well-marked anisocytosis with a 
preponderance of small cells, large numbers of the red cells staining badly and 
vacuolation being marked. In two cases occasional normoblasts were seen but 
megaloblasts were never seen in this series. 


Discussion. 


All the cases in this group are hypochromic by any standard and are microcytic 
by all ordinary standards though the average value of M. C. V. is only slightly 
below that found in healthy coolies. Both red cells and haemoglobin are in defect 
but the defect is more marked in the case of the latter so that very low values of 
M. C. H. C. are the rule. This group of cases can, therefore, be classified as 
examples of microcytic-hypochromic anaemia. 


On the findings as stated, there is no reliable epidemiological evidence that 
this anaemia is due to malaria, acute or chronic, but the position with regard to 
hookworm infection is not so clear. While a high proportion of heavy infections 
was found in this group the fact remains that it is very difficult to find any correla- 
tion between haemoglobin level and the degree of infection as judged by the n um ber 
of ova in the stool. If hookworm infection were the primary cause of this type of 
ansemia the only possible explanation of the enormous liability to recurrence would 
be an assumption that these persons are especially susceptible either to hookworm 
disease or to hookworm infection. The first of these assumptions implies that 
some toxaemia results from infection by hookworm, an hypothesis for which there 
is very little evidence. Tim frequency of hookworm infection in this class of the 
population suggests that it is unlikely that any particular persons are especially 
liable to infection : it is much more likely that all are equally susceptible. * 7 

It would seem to be more likely that some as yet unknown cause renders certain 

in tlese pcrsms - the •»“« «» ** 
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Findings in the macro-microcytic group. 

The two cases in this group were ten and thirty-five years of age : one had 
lived three years in Assam, the other seven. Both had been previously anaemic but 
neither gave a history of recent malaria and in neither case was the spleen enlarged. 
Neither had any cardiac enlargement but in both cases the pulse was fast and hsemic 
murmurs were audible. (Edema of the feet was noted in one case. The lungs of 
both appeared to be normal and no abnormalities were found in the urine. Both 
were heavily infected with hookworm. 

In both cases the red cell count was only a fraction over two millions and haemo- 
globin values were very low giving low values of M. 0. H. and M. C. H. C. The 
values of M. C. V. were 91'27 and 107-46 cubic microns. White cell counts were 
within normal limits. The stained films in both cases were notable for the extreme 
degree of anisocytosis seen : vacuolation of the cells was marked : no normoblasts 
or megaloblasts were observed. 


Discussion. 

These two cases obviously present broadly similar characteristics though on 
a consideration of M. C. Y. findings alone one could be. classed as normocytic and 
the other as macrocytic. Moreover, these two cases present certain features common 
to the microcytic group already described : both are hypochromic with defective 
saturation of the red cells and both were heavily infected with hookworm but did 
not appear to be suffering from chronic malaria. Neither of them present the 
picture of macrocytic anaemia as described by Wills (1932) or of macrocytic-haemo- 
lytic anaemia described by Napier (1936) and recently investigated by Fairley et al. 
{loc. tit.). On the other hand, both clinically and haematologically, these two women 
were among the most severely affected of the twenty cases described and one of 
them was the only case with obvious oedema of the feet. I consider that these 
two cases are examples of a definite clinical entity which I propose to term micro- 
macrocytic anaemia and which I believe to be identical with one type of anaemia 
seen in pregnant women. In a later part of this paper I shall advance arguments 
in support of this attitude. 

There is a consensus of opinion that the fundamental cause of macrocytic 
anaemia in the tropics is a deficiency of the vitamin-B complex in the diet. There 
are also good reasons for t hink ing that some dietary defect is the fundamental 
cause of microcytic anaemia also. It is possible that the diet of certain individuals 
is so grossly defective that both dietetic factors are in deficient amounts, thereby 
producing an anaemia with some of the characteristics of both main types. 
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Part VI. 


THE INCIDENCE OF ANAEMIA IN THE LAST QUARTER OF 
PREGNANCY IN TEA-ESTATE COOLIES. 

Introduction. 

The problem of the aetiology of the anaemias complicating pregnancy in India 
is still far from solution and our knowledge of many of the elementary facts regarding 
their incidence is incomplete. Estimates as to the incidence of anaemia, based on 
hospital admissions, have been made by Mitra (1937), Choudhury and Mangalik 
(1938), and Chatterjee (1938). All these estimates are liable to the usual objections 
raised against statistics based on a selected population rather than on a total 
population. The very fact that a group of women, who are members of a community 
who are normally confined in their own homes, choose to be delivered in hospital 
vitiates their being considered to be a true sample of the population from which 
they were drawn. Napier and Das Gupta (19376) made an estimate of the incidence 
of anaemia complicating pregnancy in a controlled population (the inhabitants of 
a group of tea gardens in Assam) but it would appear from their account that in 
each individual only one estimation of haemoglobin was made and that the investiga- 
tion only continued for a short period. My position as medical officer to a group 
of tea estates in Upper Assam has rendered it possible for me to study this and 
other problems connected with the aetiology of anaemia in pregnant women in a 
population under a fair measure of control. 

The group of fourteen estates in my medical charge comprises a total population 
of the coolie class of, approximately, fifteen thousand souls. During the year 
1938 the number of deliveries occurring after the twenty-eighth week of pregnancy 
was 758. All these estates grant varying periods of optional leave to pregnant 
and parturient women but, though all avail themselves of the privilege after 
delivery, some women prefer to carry on working until labour commences. As 
a result, eighty-three (or approximately eleven per cent) did not take ante-partum 
leave and so were not seen by me before delivery. The remaining 675 women 
were all seen by me on at least one occasion before delivery and, in fact, the 
average number of interviews per case was about six. At each interview a 
haemoglobin estimation was made by the Tallqvist method, all estimations being 
made by myself in order to avoid the inevitable fallacies associated with two 
or more persons using a technique involving the matching of colours. Every 
woman who, at any time between the thirtieth week of pregnancy and full 
term, had a Tallqvist reading of fifty per cent or lower was regarded as being 
anaemic for the purpose of this inquiry. I would emphasize that a very large 
number of these women showed a low reading only at some of their interviews 
and that, accordingly, had a single estimation only been made, many cases, of 
ansemia would have been missed. I would also emphasize that in this inquiry 
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only women in the last quarter of pregnancy were dealt with, so no attempt has 
been made to estimate the period of onset of anaemia. A more exact inquiry 
this point will be made the subject of a later paper. 


Incidence of anaemia. 


Of the 675 women seen, 184 had one or more readings of fifty per cent or lower 
on the Tallqvist scale. Even if we assume that the eighty-three women who were 
not interviewed were all healthy, the percentage incidence of anaemia was 24-27. 
This is a much higher figure than any previous estimate for the reasons 1 have 
mentioned and is probably at least double the incidence of anemia m the non- 
pregnant population. For example, the combined incidence of anaemia m working 
adults on the three estates considered in Part IV of this paper was 12-75 per cent. 
In the same three estates the combined incidence of anaemia in pregnancy was 
30-10 per cent. 

The incidence varied enormously in different estates — the lowest incidence 
being 6"38 per cent and the highest 48"21 per cent. 

3 estates bad an incidence below 10 - 0 per cent. 


2 

5 

2 

2 


33 

33 

33 


33 

33 

33 

33 


33 

33 

33 

33 


over 

33 

33 

33 


10 

20 

30 

40 


33 

33 

33 


but below 20 per cent. 


33 

33 


30 

40 


33 

33 


33 


This variation is difficult to explain. No exact correlation between anaemia 
incidence in pregnant and non-pregnant women could be discovered nor was there 
any correlation between spleen rates and the incidence of anaemia in pregnancy. 
An exact correlation between hours of work and anaemia incidence, such as was 
demonstrated in Part IV, could not be established, but I believe that a sociological 
survey on those lines would reveal some interesting facts. 


Seasonal incidence oe anemia. 

The question whether the incidence of anaemia is variable from season 
to season has, again, not been satisfactorily answered. Mitra (be. cit.) and 
Chatter] ee (loc. cit.) both considered that, in Bengal, the incidence was higher 
during the latter half of the year, whereas Choudhury and Mangalik (loc 
cit.) also working on hospital admissions, were unable to find any seasonal 
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Table VIII. 


Total deliveries and incidence of ancemia in four quarters of 1938. 


Quarters, 

Total 

deliveries. 

| Anremia 
cases. 

Incidence, 
per cent. 

January to March 

194 

41 

21*13 

April to June 

125 

29 

| 23*20 

July to September 

209 

59 

28*24 

October to December . . 

231 

55 

23*81 


It will be noted that the number of anaemic women delivering in the second 
half of the year is very much greater than the number in the first half but that 
this is largely due to the much larger number of total deliveries in the second half 
of the year. The third quarter does stand out as having a higher incidence than 
any other and the difference is, in fact, statistically significant. Our problem of 
aetiology is, however, still far from solution as this difference can be interpreted in 
several different ways. The evidence produced by other workers tends to show 
that it is probable that the majority of these cases of anaemia commence to be 
anaemic at about the 32nd week. If we accept this we are entitled to assume that 
a very large number of these women became anaemic in June. The rapid response 
to treatment of the majority of cases of anaemia in Assam indicates that the 
immediate cause of the anaemia is only shortly antecedent even if the predisposing 
cause is of long duration. One may, therefore, assume that in these cases the 
immediate cause was something operative in May or early June. This might be 
malaria, since, in populations associated with permanent or semi-permanent 
streams, that period usually shows a ‘ peak ’ on the malaria-incidence graph. It 
may be mentioned here that the bulk of the population w'hich is being dealt with 
is associated with such streams. On the other hand, as mentioned above, I have 
been unable to find any evidence of increased incidence on grossly malarious estates 
as compared with others which are more healthy from that point of view. Equally 
with malaria one may blame unhealthily long working hours since that period is 
a very busy one on these estates and, in addition, many of the coolies are engaged 
at that time in the cultivation of their own rice land. This is in the nature of a 
‘ spare-time ’ job and still further increases the length of the working day. The 
violent change in climatic conditions from cool dry winter to hot humid summer 
cannot be ignored nor can the possibility of the change of season altering the 
dietetic habits of the population. This uncertainty may, perhaps, be somewhat 
resolved when further evidence as to the periods of origin of anasmia is available. 
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Incidence of anemia in different age groups. 

Unfortunately no record was kept of the ages of the non-ansemicssothat^ly 
an indirect estimation of the age group incidence could be made. Of the 184 wo e 
found anaemic, a history was taken from, and a clinical examination was madeo , 
158, that is to say, approximately 86 per cent of the total number. Of these . 

25 were under 20 years of age. 

90 „ over 20 but under 30 years of age. 

43 „ „ 30 years of age. 


This finding, that 57 per cent of the cases were in the age group 20 29 years, 
is in accordance with the experience of other workers and is what one would 
reasonably expect since that decade is the maximum child-bearmg period of the 
coolie class. It is probable that the actual incidence per cent of deliveries is fairly 
uniform throughout the child-bearing period. 


Incidence of anaemia in different pregnancies. 

This again, unfortunately, could only be estimated indirectly. Of the 158 
women whose histories were taken : — • 


42 were in 

their 1st 

pregnancy. 

37 „ 

„ 2nd 

>5 

23 „ 

„ 3rd 


24 „ 

„ 4th 


13 „ 

„ 5th 

J5 

19 „ 

,, 6th 

or subsequent pregnancy. 


Exacts fifty per cent of the total were in either their first or second pregnancy. 
Xov; rather more than fifty per cent of women of this class bear three or more 
babies so that in any unselected group of pregnant women the chances are that 
less than fifty per cent are in their first or second pregnancies. Therefore we are 
justified in considering that anaimia is more frequently met with in the first two 
pregnancies. This finding is in accordance with the views of other workers in this 
field. 


The effect of anaemia on maternal mortality. 

Of the 184 women found to be anaemic before they delivered, ten died during, - 
or shortly after, their confinements. This gives a fatality rate of 5-43 per cent 
but that is not the true fatality rate of the disease, even during the last quarter 
of pregnancy only, since several women who died undelivered have been excluded 
from consideration in this inquiry which is based entirely on deliveries Even so 
it is almost double the mortality rate based on total deliveries and is nearlv three 
times the rate in non-ansemics. Table IX illustrates these points and it will be 

S “ '! , y f “7 ™p°rtant cause oS death associated with 

childbirth. The total maternal mortality rate is a little higher than the general 
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death rate for the district, usually about 20 per 1,000, and the maternal mortality 
among the non-anmmics is approximately equal to the general death rate. This 
is in accordance with certain clinical impressions which one had already formed, 
namely, that the incidence of the toxaemias of pregnancy is lower in these people 
than in Western countries and that their resistance to septic infection is high and, 
lastly, that the non-anaemies stand the physical strain of labour very well indeed. 
Removal of anaemia as a cause of death would render childbirth no more hazardous 
to the tea-estate coolie than her normal existence. 

Table IX. 


Maternal mortality rates for 1938. 


Total deliveries : — 

758 ; 

I 

Anaemic deliveries : — 

184 

i 

Non-anomie deli- 
veries : — 

574 

Deaths . . • • 

i 

1 

21 1 

1 

Deaths . . 

\ ■ 

10 

Deaths . . 

11 

Rate per thousand 

27-70 

R,ate per thousand . , 

i 

! 

i 54-34 

1 Rate per thousand 

19-10 


Effect of anaemia on the fcettjs. 

The common experience that maternal anaemia does decrease the chances of 
fcetal survival is amply confirmed by Table X. 

Table X. 

" Premature and, stillbirth rates in 1938. 


NON-AKiEMIC DELIVERIES, 574. 

Anemic deliveries, 184. 

Class. 

Number. 

Per cent. 

j 

Class. 

Number. 

Per cent. 

Live premature births . . 

i 

41 

7-13 

Live premature births . . 

21 

11-41 

Premature stillbirths 

17 

2*93 

Premature stillbirths . * 

1G 

8*69 

Full- term stillbirths 

30 

5*22 

| Full-term stilloirths 

16 

S-C9 

Total premature births . . 

58 

10-10 

Total premature births 

37 

20-10 

Total stillbirths 

j 

47 

8*19 

Total stillbirths 

32 

17-38 
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Both the premature birth rate and the stillbirth rate are doubled in the anaemic 
group as compared with the noil-anaemic group, but the principal increase is in the 
number of premature stillbirths. The risk of this accident appears to be trebled 
when the mother becomes anaemic. 


Summary. 

1. An inquiry into the incidence of anaemia complicating pregnancy in the 
coolie population of a group of tea estates over a period of twelve months is 
described. 

2. The incidence found (24 '27 per cent of all deliveries after the 28th week 
of pregnancy) was higher than that noted by other workers for reasons which are 
explained. 

3. The incidence varied enormously in different estates and no reason for 
this variation could be formulated. 

4. The influence of season on incidence was studied and, while the principal 
effect of the seasons was found to be on the total birth rate, there was also a definite 
increase in the incidence of anaemia in those women who delivered during the third 
quarter of the year. 

5. The findings of previous workers as to the risks in various age groups and 
in various pregnancies were confirmed. 

6. The effect of anaemia on maternal mortality was studied and this disease 
was found to be easily the most important cause of maternal deaths in this class. 
With this risk removed, childbirth would cease to be an added risk to life. 

7. The effect of maternal anaemia on the foetus was studied and the observa- 
tion made that the principal added risk was that of premature stillbirth. 
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Part VII. 


CLINICAL AND HEMATOLOGICAL DATA OBTAINED FROM 
182 COOLIES FOUND TO BE ANEMIC DURING THE 
LAST QUARTER OF PREGNANCY. 

Introduction. 

In the course of the investigation reported in Part VI of this paper 184 women 
were found to be anaemic at some time during the last quarter of pregnancy and 
of these I was able to obtain histories from, and make a clinical examination of, 
some 158. In addition I have records of 21 women who were anaemic and more 
than thirty weeks’ pregnant but who had not delivered at the end of December 
1938. Records had also been obtained of three women, anaemic and more than 
thirty weeks’ pregnant, who had died undelivered. 

In all cases the haemoglobin was estimated accurately with the Salili instrument, 
a history obtained and a clinical examination carried out. In rather more than 
half the stools were examined and the urine was tested in a similar number of cases. 
In twenty-six simple blood counts were made and in a further seventy-eight, full 
hematological examinations were carried out. In the great majority stained films 
of the blood were examined and an attempt made to assess the character of the 
anemia. In all examinations the technique described in Part I was followed. 

• Discussion of the clinical findings. 

Of the total number, thirteen women died, a new feature compared with the 
series of non-pregnant anemies already described. 

Residence in Assam . — Among the non-fatal group, the distribution of degrees 
of residence was roughly in accordance with that of the population of the district. 
Among the fatal group, no case had resided in Assam less than one year nor was 
any case Assam-born: half had resided less than five years and the remainder 
more than that period. 

Previous anosmia . — Whereas 85 per cent of the non-pregnant group gave a 
history of previous anaemia, only 23 T per cent of the fatal group and 26-6 per cent 
of the non-fatal group gave such a history. This finding suggests that anaemia 
in pregnancy is largely non-recurrent and may be a product of the pregnancy itself. 

Recent malaria . — A history of recent c fever ’ was noted in only 10 per cent 
of the non-pregnant group but 24-2 per cent of the non-fatal group gave such a 
history and 46T per cent of the fatal cases had recently had malaria. 

Splenic enlargement . — ■Taking into account the rarity in this district of kala- 
azar and the negative formol-gel reactions found, splenic enlargement was taken 
to be indicative of chronic malaria. Splenic enlargement was found in 10 per cent 
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of the non-pregnant group, in 26 per cent of the non-fatal group, and in 53-8 per 
cent of the fatal group. 

Hepatic enlargement. — No non-pregnant case was found to have enlargement 
of the liver and this condition was only found m 3*5 per cent of non-fatal cases 
but it was noted in 15-4 per cent of fatal cases. In each case of hepatic enlargement 
the spleen was also enlarged, with one exception and in no case was there any 
evidence of gross cardiac incompetence or of amoebic infection. It would appear 
' to be probable that the hepatic enlargement was due to malarial hepatitis following 
long-standing chronic malaria. 


We may now consider the implications of these findings regarding malaria. 
During 1938 approximately tea thousand cases of malaria occurred among the 
total coolie population of fifteen thousand souls in this district, an average of 2,500 
per three months. The chances are, then, that in any hundred persons from fifteen 
to twenty would have given a history of recent malaria . the 46 per cent 
incidence in the fatal group is, therefore, much higher than the expected incidence 
even if the incidence in non-fatal cases is not much higher. Splenic enlargement 
was twice as common in the fatal group as in those who recovered and was twice 
as common in those pregnant as in those not pregnant. Again, hepatic enlargement 
was at least four times as common in those who died as in those who recovered. I 
think it is justifiable to say that malaria probably plays a greater part in the eetiology 
of ancemia in pregnant women than it does in those not pregnant and that it is an 
important setiological factor in the most serious and fatal type of anaemia. 


Pulmonary complications . — Only a few cases showed pulmonary complications 
which were more frequently met with in the fatal group, probably an expression 
of the severity of the disease. 


(Edema of the extremities . — (Edema was noted in 77 per cent of those who died 
and in 34 per cent of those who recovered, compared with only 5 per cent in those 
not pregnant. Moreover, the fatality rate in those with oedema was 15 per cent 
against 2-5 per cent in those without oedema. (Edema was very seldom seen in the 
pregnant women who were not anaemic, so that it would appear to have some 
prognostic significance. Half of the ten women with oedema who died had also 
an enlarged spleen but only two had any cardiac enlargement and none showed 
signs of gross cardiac defect. It is improbable that malaria is directly responsible 
for the oedema and the fact that many cases with a high degree of anaemia do not 
develop oedema suggests that anaemia, also, is not directly responsible I suggest 
that the oedema may be a symptom of some other condition, possibly causally 
connected with the anaemia and that the grave prognosis associated with a combina- 
tion of splenic enlargement and oedema is due to the fact that more than 
pathological entity is present. 

Cardiac abnormalities .- Pulse rates in both groups showed the same slhrht 
degree of tachycardia as was encountered in the non-pregnant ananuir* • 

bruits were heard in a similar percentage in all three groups “ d 119311110 


In both pregnant 

noted in those not pregnant. 


groups some 15 per cent had some enlargement of the heart wh^r^c 
nnfnrl in i linen w . ear ^ miereas this was never 
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Urinary abnormalities . — Albumin was found iu small quantities in a similar 
proportion of cases in both fatal and non-fatal groups. 

Helminthic injections . — Of the 99 stools examined — 

10 showed nil hookworm infection. 


CO 

heavy 

33 

22 „ 

moderate „ 

35 

33 „ 

light „ 

33 


In addition, 66 per cent were ascaris-free and 72 per cent were trichuris-free. 

Discussion op the hematological findings. 

On analysing the results obtained from the blood examinations, the cases 
fell automatically into five groups as follows : — • 

A. A microcytic'hypochromic group of 36 cases in which the anosmia was 

similar in type and degree to that usually seen in non-pregnant 
women, together with a group of 16 markedly hypochromic cases 
whose blood films showed obvious microcytosis with no nucleated 
red cells. 

B. A normocytic-hvpo-orthochromic group of 13 cases with M. C. V. 

values ranging from 83*05 to 110*38 cubic microns and M. C. H. 
values varying between 16*55 and 31*82 micro-micrograms. This 
group was distinguished by a marked absence of anisocytosis in the 
stained films together with an absence of nucleated reds. On these 
grounds three further ortliochromic cases have been included in 
this group. 

0. A micro-macrocytic-hypo-orthochromic group of 24 cases generally 
corresponding to the ‘ smaller group ’ of non-pregnant ansemics 
already described. This group was distinguished by marked 
anisocytosis and a relative frequency of nucleated reds in the stained 
films with a M. C. H. under 30 micro-micrograms. On these 
grounds one further case was added to this group. 

D. A hyperchromie group of 10 cases which were almost certainly all 

macrocytic. In five whose blood cell volume was estimated, the 
M. C. V. values were high and their films like the other hyperchromie 
cases all showed the same characteristics, namely, marked anisocytosis 
with many macrocytes but few microcytes together with the presence 
of normoblasts and megaloblasts. Three further cases, whose films 
had the same characteristics, were added to this group. 

E. A group of 75 women whose hrematological data were insufficiently 

complete to allot them to any one of the first four groups. 

The hsematologieal findings of the first four groups have been given in 
Tables XI, XII, XIII, and XIV, and it is proposed to discuss each group in 
greater detail in turn. 
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Table XI. 

Range and means oj Jicematological observations in the microcytic group. 


Estimation. 

Highest 

determination. 

Lowest 

determination. 

Mean. 

Erythrocytes in millions per 
c.mm. 

| 5-14 

2*14 

3-522 

Haemoglobin in g. per 100 c.c. . . 

9-0 

3*4 

5-96 

Leucocytes per c.mm. 

16,000 

3,000 

7,961 

M. C. H. in micro- micrograms . . 

23-95 

11-04 

17*303 

M. C. V. in cubic microns 

84-82 

56*52 

73*879 

1\I. C. H. C. in per cent 

28-50 

15-99 

22-237 

Blood films 

No nucleated red cells seen : vacuolation 
marked : many microcytes. 


Table XII. 


Range and means oj Jicematological observations in the normocytic- 
Injpo-orthochromic group. 


Estimation. 

Highest 

determination. 

i 

Lowest 

determination. 

Mean. 

Erythrocytes in millions per 
c.nnn. 

} 3-66 

1*32 

2-486 

Hemoglobin in g. per 100 c.c. . . 

7-8 

3*8 

5-98 

Leucocytes per c.mm. 

10,600 

3,000 

6,775 

! 


J, MB 


17 
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Table XII — covdd. 


Estimation, 

Highest 

determination. 

Lowest 

determination. 

Mean. 

M. 0. H. in micro-micrograms , . 1 

31-82 

16-55 

24-753 

M. C. V. in cubic microns 

110-38 

83-05 

95*815 

M. C. H. C. in per cent 

35-55 

13-52 

24*712 

Blood films , . | 

Normoblasts seen in one case : 
any degree of anisocytosis. 

no film showed 


Table XIII. 

Range and means oj hcematological observations in the micro-macrocytic - 

hypo-orthochromic group. 


Estimation. 

Highest 

determination. 

i 

Lowest 

determination. 

Mean. 

Erythrocytes in millions per 
c.rnm. 

| 3-18 

1*46 

, 2-271 

Hemoglobin in g. per 100 c.c. . . 

7*5 

3*4 

5*04 

Leucocytes per c.mm. 

13,400 

3,000 

7,533 

M. C. H. in micro-micrograms . . 

29*66 

15-59 

22*504 

M. C. V. in cubic microns 

147*74 

87-29 

101*691 

M. C. H. O. in per cent 

| 29*91 

15-49 

22*987 

Blood films .* | 

Normoblasts alone seen in three cases : 
normoblasts and megaloblasts seen in six 
cases : all films showed excessive aniso- 
cytosis. ' 
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Same and means oj hcematologiml observations m the macroajlK- 

hyperchromia group. 


•J J. . 


Estimation. 

Highest 

determination. 

Lowest 

determination. 

Mean. 

Erythrocytes in millions per 
c.mm. 

j 1-87 

0-73 

1*473 

1 

Haemoglobin in g. per 100 c.c. . . 

6*9 

1*9 

5*15 

Leucocytes per c.mm. 

12,600 

3,200 

6,640 

M. C. H. in micro-micrograms . . 

47-26 

32-62 

37*306 

M. C. V. in cubic microns 

164-25 

121-11 

140*352 

M. C. H. C. in per cent 

32-35 

24-46 

26*986 

Blood films . • ■ 

r All films showed obvious megalocytosis : 
all contained both normoblasts and megalo- 
blasts. 


Microcytic-hypochromic group. 

This group is very similar to the main group of non-pregnant ansemics already 
described. All are hypochromic and all whose cell volume was estimated are 
microcytic, taking 85 cubic microns, again, as the upper limit for this class. The 
distribution and means of red cell counts and of M. C. V. are closely equivalent to 
those found in the non-pregnant women. Of red cells 66 per cent had between 
3-0 and 4-49 millions per c.mm. : 69 per cent of the M. C. V. values lay between 
65-0 and 79*9 cubic microns. The means of values of hmmoglobin, M. C. H., and 
hr. C. II. C., are slightly higher in each case than in the non-pregnant group but 
this is probably because a number of women were included in this series who 
would not have normally been recognized as anamiic. Haemoglobin values were 
distributed fairly evenly between 4'0 and 7'9 grammes but in the case of 
M. C. Ii. values 71 per cent were concentrated between 15-0 and 20-99 
micrograms and 66 per cent of M. C. H. C. determinations were between ~19-0 
and 24-99 per cent. The white cell counts show no great departure from the 
probable findings in any series of 1 normal ’ people. 

The proportion of histories of previous anemia and of recent malaria and the 
incidence of splenic enlargement were rather lower in this group than in the whole 
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series but the incidence of hookworm infections and heavy infections in particular 
was almost identical. There were two deaths in this group, a fatality rate of 3-77 
per cent but one of these deaths was from sub-acute nephritis (lasting only six 
weeks) and occurred four months after delivery. The victim had not quite recovered 
from her anaemia when she commenced her terminal illness. 

On both clinical and haunatological grounds we may say that the microcytic- 
hypochromic anaemia associated with pregnancy is probably identical with that 
seen in non-pregnant women. It is a comparatively mild disease and does not 
seem to have any direct relationship with malaria but it may have some connection 
with hookworm infection since the incidence of hea\y infections is comparatively 
high in this group. The arguments advanced in Part V against hookworm infection 
being the sole cause apply equally to pregnant as to non-pregnant women. 

Noemocytic-hypo-oethochbomic geoup. 

This group has not been described as a separate entity by other authors but 
the different appearance of the stained blood films of these cases from the appear- 
ance of films from the other groups is so marked that they must be classified 
separately. The group may be classed as normocytic as the range and mean of 
values of M. C. V. are roughly equivalent to what might be expected in a series of 
healthy Europeans. 

The distribution was also remarkably central — 

1 case had value lower than 85-0 cubic microns. 

5 „ „ between 85*0 and 94'99 cubic microns. 

5 „ „ „ 95-0 „ 104-99 

2 „ „ „ 105-0 „ 114-99 

As compared with the ‘ normal ’ coolies, of course, the group as a whole is 
macrocytic. Half the cases could be described as being hypochromic and the 
others as ortkockromic — 

In 2 cases the M. C. H. was between 15-0 and 18-99 micro-micrograms. 


In 4 

33 

3 3 3 3 

19-0 

„ 22-99 

In 3 

33 

3 3 33 

23-0 

„ 26-99 

In 6 

33 

3 3 33 

27-0 

„ 30-99 

In 1 

33 

„ higher than 

31-0 

micro-micrograms. 


Saturation of the red cells was deficient in three-quarters of the group. Apart 
from the higher values of M. C. Y. the chief point of difference between this group 
and the preceding one lies in the lower red cell counts found in this group. h T o 
less than 81 per cent of the counts were between 2'0 and 2-99 millions. The range 
and means of htemoglobin values and of white cell counts are very similar to 
those found in group ‘A’: the distribution of findings is also similar. 

The proportion of histories of recent malaria, 12-5 per cent, was almost identical 
with that in group ‘ A ’ but splenomegaly was found more often, in 31 per cent. 
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A history of previous anaemia was rather more common and there was a rather 
higher incidence of hookworm infection. No death occurred m this group. 

The evidence available suggests that this type of anaemia like the microcytic 
type is mild in its effects though the anaemia itself is of higher degree, lhe evidence 
as to malaria being a causal agent is conflicting. It cannot be merely a secondary 
anaemia from blood loss, such as is seen in a European after malaria, nor from blood 
dilution due to pregnancy as is seen in America because the normal condition ot 
the coolie’s red cells" is microcytic. On the other hand I have never seen this type 
of anaemia in coolies apart from pregnancy which suggests that the presence of the 
foetus is the exciting cause. I suggest that it is, in fact, a mild type of tropical 
macrocytic anaemia without any haemolytic element due to a slight defect of the 
vitamin-B complex in the diet. I suggest further that the defect is only slight 
because it is a ‘ conditioned defect ’, that is to say, the needs of the foetus are 
sufficient to turn a minimal intake by the mother into an actual lack. 


Micro-macrocytic-hypo-orthochromic group. 

This group probably corresponds with the c normocytic ’ group of other 
workers, or rather with the greater proportion of that group but it is considered 
that, from the point of view of cell volume, the term I have adopted is better since 
the range of values of M. C. Y. is greater than would be expected in a group 
of healthy Europeans and is greater than that' found in group ‘ B Moreover the 
distribution was much more scattered — 


11 cases had values between 85 ‘0 and 94-99 cubic microns. 

6 „ „ „ 95-0 „ 104-99 

3 „ „ „ 105-0 „ 114-99 

2 „ „ . „ 115-0 „ 124-99 

2 „ „ higher than 125-0 cubic microns. 

The degree of anisocytosis in the stained films was also sufficiently remarkable 
to call for comment : such large numbers of both large and small cells were so 
constantly seen that the M. C. V. does not give a true picture of the condition of 
the erythrocytes. I do not consider that to split this group into two and call all 
cases with M. C. V. over 95 cubic microns macrocytic would be a wise move as the 
range and distributions of M. C. II. values in the two groups would be similar and 
the characteristics of the stained films would be identical. A similar argument 
applies against any sub-division of this group based on M. C. H. values Nucleated 

r ; o l C * S ' VCre "** in 7 nme c “ ses - P* means of both red cell counts and. hemoglobin 
content are rather lower than those in the microcytic group, indicating a more 
severe aiuemia In no case was either the M. C. H. or M. C. H. C greater than 
thirty, indicating incomplete saturation of the red cells and no tendencv to a w 
In pcrchronnc anaemia. The distribution of values of M C H M O IT p i 

On SSSttS? Imv SJ £ about the mein 

— • - ■*» » 
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group of the non-pregnant series, though relatively more frequently seen in 
pregnant women. 

All degrees of age, parity and residence in Assam were represented in this group. 
The proportion of those who had previously been anEemic was low, 12 per cent 
and so was the incidence of heavy hookworm 'infections, 26 per cent. On the 
other hand, 40 per cent had recently suffered from malaria and 32 per cent had 
an enlarged spleen. (Edema of the extremities was common, 44 per cent, a much 
higher proportion than in either of the two preceding groups. Three women in 
this group died, a fatality rate of 12 per cent so that this type of anaemia can be 
described as severe and frequently fatal. 

The available evidence suggests that it is not associated with hookworm 
infection but that it does bear a relationship to malaria. Hsematologically it is 
a mixed anosmia having both macrocytic and microcytic elements, each presumably 
due to a different cause but I do not consider that it can fairly be regarded simply 
as a mixture of two different types. Napier and Majumdar ( loc . cit.) have discussed 
the possible dietetic deficiencies responsible for both microcytic and macrocytic 
types of ansemia and Fairley el al. (loc. cit.) have also pointed out that in many 
cases of tropical macrocytic anaemia there is a haemolytic element due to chronic 
malaria. Following this reasoning I consider that this type of anaemia is produced 
by the interaction of the following three conditions, all present at the same 
time : — 

(a) Deficiency of minerals, especially iron, in the diet, 

(i b ) Deficiency of the vitamin-B complex in the diet, 

(c) Excessive haemolysis due to chronic malaria. 

Since this type of anaemia was seen apart from pregnancy and since, in spite 
of an obvious iron deficiency (shown by a low value of M. C. H.), many of these 
cases still had a very high M. C. V. I think it probable that the dietary defects 
in this group are absolute rather than conditioned, in contra-distinction to the 
suggestion put forward when considering group c B ’. 


Macrocytic-hyperchromic group. 

The means of the haemoglobin estimations and of the red- cell counts in tins 
group are markedly lower than those in any of the preceding three groups : in 
neither case, however, is the distribution symmetrical about the mean. The means 
are artificially low because of a few very low values. The mean and distribution 
of leucocyte counts are within normal limits. In all cases where the necessary 
investigations were done, the M. C. V. was over 120 cubic microns and the M. C. H. 
over 30 micro-micrograms. The distribution of M. C. H. C. values was as 
follows : — 


1 case had value lower than 
3 ,, ,, between 

1 „ „ higher than 


25 '0 per cent. 

25-0 and 30 - 9 per cent. 
31 -0 per cent. 


33 
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They were, therefore, all true cases of macrocytic-hyperchromic anaemia, the 
saturation of the red cells with haemoglobin being within normal limits. All the 
stained films of this group showed obvious megalocytosis together with the. presence 
of nucleated red cells, both normoblasts and megaloblasts being present m 
all cases. 

Seven, or 54 per cent of this group, had previously suffered from anaemia. A 
similar number had recently had malaria and a like number had enlarged spleens. 
(Edema of the extremities was noted in 46 per cent. _ All these proportions are 
higher than the corresponding figures for the whole series. Of those whose stools 
were examined, 44 per cent were found to be heavily infected. Three of the 
thirteen women in this group died, a fatality rate of 23d per cent, easily the 
heaviest mortality in the whole series. 

The anfemia encountered in this group is obviously of a very severe and fatal 
type : on clinical and haematological grounds it appears to be identical with the 
nutritional macrocytic anaemia of haemolytic type found in Macedonia and described 
by Fairley et at. {loc. c it.). It also corresponds with the type found in the three 
hyperchromic and two of the orthochromic cases in the series of 57 pregnant amemics 
discussed by Napier and Majumdar (loc. cit.). To my mind it is unfortunate that 
these two authors failed to separate these cases from the rest of their ‘ liver-Mar- 
mite group ’ as it seems to me that these are the cases which are the most likely to 
succumb and, therefore, require the most vigorous investigation. In my experience 
the vast majority of cases of anaemia in pregnancy do perfectly well without any 
treatment, recovering completely after delivery so that, in order to ensure ade- 
quate treatment to those who really require it, some simple method of diagnosing 
the severe type is required. 


Undetermined group. 

The range of values of haemoglobin in this group was from 2-0 g. to 7-3 g. per 
100 c.c. of blood, the mean being 5 - 52 g. The distribution was somewhat eccentric 
as follows : — • 


10 cases had values between 2*0 and 3'9 grammes. 

31 » „ 4-0 „ 5'9 

84 •• .. 6-0 „ 7-9 „ 

The incidence of previous anasmia, recent malaria and splenomegaly was in 

each instance, almost identical with that for the whole series. (Edema was noted 

in 47-4 per cent compared with 36-8 for the whole series and the fatality rate in 
tins group was 6-6 per cent against 7-1 per cent in the whole series. These fu'clLs 
together with the nature of the distribution and the mean of the SmogloWn 
estimations, are sufficient to justify the assumption that this group is comm able 
to the whole series and that, had further investigations been Ll, 1 

p^XT ,tSeIf “° ** ^ groups faSafniSS 
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Further consideration op ratal cases. 

The length of residence in Assam did not appear to have any bearing on 
prognosis nor did the fatal cases predominate in any particular age group or degree 
of parity. Half of those who died gave a history of recent malaria and half, also, 
had enlargement of the spleen while oedema of the extremities was seen in three- 
quarters. No prognostic significance was found to attach to cardiac enlargement 
nor to abnormal cardiac sounds nor to pulse rates. Though some of these cases 
showed a high degree of anannia, seven, or just over half, had between 5-0 and 
6-5 grammes of haemoglobin per 100 c.c., so that it is difficult to claim any 
prognostic value for simple haemoglobin readings. 

I suggest that, in the absence of laboratory facilities, the danger signals in a 
case of anaemia in pregnancy are splenomegaly, oedema of the extremities, and a 
history of recent malaria, and that the co-existence of any two of these signs 
should be an indication for intensive treatment. To these signs, where facilities 
exist for examining stained blood smears, might be added the presence of 
nucleated red cells since these were frequently found in the two groups 
with the heaviest fatality rates. 


CONCLUSIONS. 

The assumption that the entire coolie population of the tea estates of Assam 
is, by Western standards, anaemic, is borne out by the study of the haemoglobin 
values of 80 coolies reported in Part II of this paper and a further study of these 
values in young children suggested that the anaemic state is congenital and is not 
the result of immigration into Assam. This suggestion was borne out by the 
results of examination of new recruits (reported in Part III) who were found to 
present a partially anaemic state almost identical with that seen in the settled 
population. The comparative universality of the condition suggests that its basic 
cause is something even more widespread than either malaria or hookworm infec- 
tion. Again, since the common severe microcytic anaemia consists, essentially, in a 
reduction in the number of red cells together with a fairly proportional reduction in 
the amount of haemoglobin, without any further gross disturbance of the erythron, 
it is probable that its cause is simply an exacerbation of the original, permanent 
underlying cause of the permanent mild anaemia. This supports the theory that 
a more widespread cause than either malaria or hookworm infection is responsible 
and that some long-standing defect in the diet is at the root of the trouble. 

The above remarks apply only to the common anaemia met with in all classes 
of coolies apart from pregnancy. When the anaemias complicating pregnancy 
are considered, a new feature appears for, while the anaemia in the majority of 
cases is of the microcytic-hypochromic type, quite a large proportion are found to 
have a tendency towards the macrocytic-hyperchromic type. In these cases 
particularly, there is evidence that malaria plays a part in the causation, bearing 
out the observations of other workers both in India and in Europe. Until evidence 
that any large proportion of these macrocytic anaemias are non-luemolytic 
in type or that this haemolytic type occurs in areas where malaria does not 
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exist, I think we must assume that their aetiology is different from that of 
the common anaemia and that they are produced by an interaction of dietetic 
deficiency, the presence of the foetus and chronic malaria acting on an 
already inefficient haemopoietic system. 
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do. 

do. 

do. 

do. 

do, 

do. 

do. 

Died four months after 
delivery fro m 
nephritis. 

Recovery. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 


M 
L = 


Moderate infection. 
Right infection. 
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Clinical Investigations into Ancemia in Assam, 


PHOTO 


Serial number. 

Age in years. 

Assam residence in 
years. 

Parity. 

Previously anaemic ? 

Recently bad malaria ? 

Is spleen enlarged ? 

Is liver enlarged ? 

Abnormalities in lungs ? 

Is oedema present ? 

Is heart enlarged ? 

Cardiac sounds. 

Pulse rate per minute. 

6 

rf 

*n 

P 

20 

22 

12 

4 

Yes 

No 

No 

No 

No 

No 

No 

n 

100 

n 

21 

28 

20 

G 

No 

Yes 

Yes 

No 

No 

No 

No 

HB 

80 

n 

22 

23 

2 

2 

Yes 

No 

No 

No 

No 

No 

No 

HB 

100 

n 

23 

18 

i 

1 

No 

Yes 

No 

No 

No 

No 

No 

Sy 

110 

n 

24 

28 

i 

2 

No 

No 

No 

No 

No 

Yes 

No 

HB 

90 

n 

25 

24 

24 

1 

Yes 

No 

No 

No 

No 

Yes 

No 

HB 

98 

n 

26 

17 

2 

2 

No 

Yes 

No 

No 

No 

No 

No 

HB 

102 

n 

27 

32 

22 

5 

Yes 

No 

No 

No 

No 

No 

No 

HB 

90 

a 

28 

20 

1 

i 

No 

No 

No 

No 

No 

Yes 

No 

PS 

76 

n 

29 

25 

2 

2 

No 

No 

No 

No 

No 

No 

No 

HB 

96 

n 

30 

17 

3 


Yes 

No 

No 

No 

No 

No 

No 

n 

112 

u 

3. 

24 

j 

2 

2 

No 

No 

No 

No 

No 

Yes 

No 

n 

102 

TA 

32 

14 

14 

1 

No 

Yes 

Yes 

No 

No 

No 

No 

n 

94 

TA 

33 

30 

30 

5 

No 

No 

No 

No 

No 

Yes 

No 

n 


)i 

34 

38 | 

i 

1 3 j 

No 

No 

No 

No 

No 

Yes 

No 

n 

76 

n i 

i 

35 

30 

20 j 

6 i 

No 

No 

No 

No 

No 

No 

No 

PS 

120 

n 

36 

20 

1 

12 

3 ! 

Yes 

No 

No 

No 

No 

No 

No 

HB 

120 

n 

37 

22 

10 . 

1 3 s 

Yes 

No 

No 

No 

No 

No 

No 

n 

88 

n 

38 

26 

5 

! Mp i 

No 

No 

No 

No 

No 

No 

Yes 

HB 

90 

n 

i 

3ST 

30 

4 

1 

No 

1 No 

i 

No 

No 

No 

Yes 

No 

n 

90 

a | 

40 

23 

7 

2 j 

No 

No 

No 

No 

No 

No 

No 

n 

84 

1 

1 

^ f 

I 


? = Examination not done, 
n = Normal. 

HB = Hremic bruit. 

Sy = Mitral systolic murmur. 


PS = Accentuation of pulmonary 
second sound. 

Mp = Multi para, 

TA ~ Trace of albumin. 
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COL. 


Stool. 

f- 

o 

th 

.£ 

£ 

£ . 

O « 

So 

w 

R. B. C. in millions per 
c.mm. 

Leucocytes per c.mm. 

M. C. H. in micro- 
micrograms. 

Hookworm. 

Ascaris. 

Trichuris. 

H 



5*6 

3*S4 

7,200 

14-58 

L 



4*4 

2*84 

10,000 

15-49 

H 



3*S 

2*54 

7,400 

14-96 

M 



5*0- 

3-28 

10,800 

15-24 

M 



4*6 

3*07 

8,000 

14*98 

H 



3*4 

3-08 

8,000 

11*04 

- 



7-2 

4*03 

6,600 

17-S7 

H 



6-0 

4-60 

7,200 

13*04 

H 



4*4 

2*86 

4,200 

15-38 

? 

? 

? 

i 

4*4 | 

! 

3*43 

4,200 

12-85 

L 



6*0 

3*73 

8,000 

16-08 

•' 



| 5*8 

3*85 

5,600 

15-06 

H 

H 

M 

6*6 

i 

3*48 

7,600 

18-96 

L 

L 

L 

7*2 

4*26 

8,000 

16-90 

* * 

•• 


7*2 

3*96 

16,000 

18-18 

L 

•• 

•• 

6*4 

3*57 

13,200 

17-93 

M 

•• 1 

L j 

4*0 

2*56 

5,400 

15-60 

M 

H 

L 

6*0 

2*91 

7,400 

20-61 

H 

•• 

H 

6*3 

2*63 

4,800 

2395 

L 

L 

i 

6*5 

5*14 

11,200 

12-64 

M 


- 

7*5 

. 

3*25 

8,400 

23-07 


1, Examination not done. 
M — Moderate infection. 


1 

j M. C. V. in cubic 
j microns. 

a 

o 

a 

u 

a 

PW 

.2 

d 

W 

d 

, a 

Nucleated reds in film. 

Result. 

70-96 

20-55 

• . 

Recoverj r . 

70-98 

21-82 


do. 

84-82 

17-64 

. . 

do. 

68-12 

22-38 

• # 

do. 

76-33 

19-63 

. . 

do. 

70-05 

15-99 


do. 

71-67 

24-92 

. . 

do. 

68-72 

18-98 

• . 

do. 

76-22 

20-1S 

. . 

do. 

73-09 

17-55 

. . 

do. 

77-42 

[ 20-79 

• . 

do. 

76-44 

19-71 

. . 

do. 

76-72 

24-64 

4 . 

do. 

72-91 

23-18 

• . 

do. 

77-07 

23-59 

* . 

do. 

77-86 

23-02 

• . 

do. 

78-77 

19-84 

. * 

do. 

j 

1 

• . 

do. 

•> 

1 

•* 

do. 

? 

? 

* * 

Developed anasarca two 
weeks after delivery 
and died in three daj^s. 

1 

? 

_L_j : 

Recovery. 


E Light infection. 
a ~ -Heavy infection. 
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Clinical Investigations into Ancemia in Assam. 


PROTO 


Serial number. 

to 

u 

ti 

o 

'eH 

<y 

fcJD 

j < 

Assam residence in 
years. 

Parity. 

Previously anaemic ? x 

Recently had malaria ? 

Is spleen enlarged ? 

Is liver enlarged ? 

Abnormalities in lungs ? 

C^. 

S 

03 

£ 

2 

S 

*"C 

8 j 

^ I 

Is heart enlarged ? 

Cardiac sounds. 

Pulse rate per minute. 

i 

i 

! 

i 

j 

i 

i 

J 

6 , 
1 i 

41 

21 

i 

i 2 

1 

No 

No 

No 

No 

No 

No 

1 

| Yes 

HB 

90' 

s 

1 

51 1 

42 

IS 

i 

3 1 

2 

Yes | 

No 

No 

No 

! No 

No 

' No 

t 

! n 

120 

f 

n 

43 

35 j 

! i 

5 

! i 

No 

No 

No 

No 

1 No 

No 

No 

1 PS j 

! 120 

n 

44 

22 

i 20 j 

j 

2 

No 

No | 

No 

No 

No 

: No 

No 

n 

90 

; 

n* 

* 

45 

35 ! 

26 

7 i 

No 

No 

i 

No 

' No 

No 

No 

No 

HB 

130 

) } 

n 

46 

24 

2 

2 

i 

No 

No 

No 

: No 

No 

No 

No 

PS. HB 

SO 

n 

47 

18 : 

5 

2 ; 

No 

No 

No 

No 

No ‘ 

No 

No 

HB 

130 

n 

48 

25 

o ! 

i 

3 

No j 

No 

j No 

No 

No 

No 

No 

n 

78 

n 

49 

28 ; 

22 

3 ! 

No 

1 Yes 

Yes 

No 

No 

No 

No 

HB 

SO 

n 

50 

18 

1 

1 

No 

Yes 

Yes 

No 

No 

Yes 

No 

PS. HB 

130 

A 

51 

29 

5 

4 

No 

No 

No 

No 

No 

No 

No 

n 

96 

n 

52 

33 j 

i 

5 

! No 

1 No 

No 

No 

No 

Yes 

No 

n 

110 

n 

53 

26 

26 

i 

3 

No | 

’ i 

No 

No 

No 

No 

No 

No 

n 

120 

j 

n 


A 7 ormocyliC'hypo- 


54 

27 

3 

I 

3 

No 

No | 

Yes j 

No • 

1 ! 
, No 

No 

No 

n 

72 

n 

55 

28 

i 26 

3 

No , 

1 No | 

1 Yes j 

No j 

No j 

Yes | 

No 

51 ! 

108 

n 

56 

40 

; 35 

9 

Yes i 

No ! 

i 

I No 

No 

No 

No | 

No i 

n 

84 | 

n 

57 

16 

i 

16 

1 

Yes 

! 

Yes | 

! Yes 

No 

No 

No 

No 

HB 

no 

n 

58 

26 ; 

18 

j 4 

No 

No j 

No 

No 

No 

No 

No 

HB 

92 

TA 

59 

28 j 

6 

! 3 

No 

No j 

! No 

No 

No 

j 

1 No 

No 

n 

96 

n 

CO 

27 

2 

1 

Yes 

I 

I No ] 

! No 

1 No 

No j 

No 

No 

PS. HB 

80 

a 


? — Examination not done. PS = Accentuation of pulmonary 

HB = Hferaic bruit. second sound, 

n = Normal. TA == Trace of albumin. 

A = Albuminuria. 


Hookworm. 


K. P. Hare, 
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orlhochromic group. 


M 

. . 

M 

6*4 

2-59 

9,200 

24*71. 

103*08 

23-97 

N 

do. 

L 

L 

•• 

6*2 

2-01 

3,000 

30*84 

83*05 

35*55 

. . 

do. 

L 


•* 

6*6 

2*39 

7,200 

27*61 

88*80 

31*05 

. . 

do. 

? 

? 

* 

? 

6*2 

2-37 

10,600 

26-16 

110*38 

23*70 

. . 

do. 

H 

*♦ 

•• 

5*6 

2*78 

5,400 

20-14 

105*84 

1 

19*03 

. * 

do. 

H 

*• 

L 

6*0 

2*S8 

6,600 

20-82 

94*60 

22*02 

• . 

do. 

H 

• • 

•• 

0*3 

2*14 

8,000 

29-44 

96*70 

30*42 


do. 


? = Examination not done. 
H = Heavy infection. 


M = Moderate infection. 
L — Light infection. 
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Clinical Investigations into Anccmia in Assam. 


PROTO 


Serial number. 

Age in years. 

. - 

Assam residence in 
years. 

Parity. 

.Previously anaemic ? 

Recently bad malaria ? 

Is spleen enlarged ? 

Is liver enlarged ? 

Abnormalities in lungs ? 

O’ 

r* 

G 

OT 

a 

H 

A 

g 

a 

•s 

8 

£ 

Is heart enlarged ? 

Cardiac sounds. 

6 

u 

a 

A 

G 

ci 

o 

crj 

A 

Urine. 

61 

35 

25 

10 

No 

No 

No 

No 

No 

No 

No 

JIB 

92 

n 

62 

22 

£ 

2 

No 

No 

No 

No 

No 

No 

No 

n 

82 

1 

n 

63 

25 

2 

1 

No 

No 

No 

No 

No 

No 

No 

n 

J 

70 

n 

64 

14 

12 

1 

No 

No 

Yes 

No 

No 

Yes 

No 

IIB 

' so 

n 

65 

28 

1 

3 

No 

No 

Yes 

No 

No 

Yes 

No 

n 

j 72 

n 

66 

21 

21 

1 

Yes 

No 

No 

No 

No 

Yes 

Yes 

HB 

89 

n 

67 

27 

1 

2 

No 

No 

No 

No 

No 

No 

No 

n 

! 110 

i 

n 

68 

30 

23 

7 

No 

Yes 

No 

j 

No 

l 

Ra 

No 

No 

n 

130 

n 

69 

22 

2 

3 

No 

No 

No 

No 

J 

No 

1 No 

No 

! 

HB 

i 

102 

n 


M icro-macrocytk'hypo * 


70 

22 

22 

3 

Yes 

Y r es 

Yes 

Yes 

No 

No 

i 

Yes 

PS. HB 

122 

n 

71 

25 

10 

c 

Yes 

Yes 

No 

Yes 

No 

No 

No 

n 

94 

n 

72 

23 

i 

3 

No 

Yes 

Yes 

No 

No 

Yes 

Yes 

Sy 

110 

n 

73 

IS 

18 

2 

Yes 

Yes 

No 

No 

No 

Yes 

Yes 

n 

100 

TA 

74 

30 

22 

6 

No 

Yes 

Yes 

No 

No 

Yes 

No 

PS. HB 

124 

a 

75 

30 

1 

4 

No 

Yes 

No 

No 

No 

No 

No 

j 

n 

1 

90 

? 

76 

22 

2 

2 

No 

No 

No 

No 

No 

Yes 

No 

HB 

i 

100 ! 

n 

77 

. 

38 

j 

i 

i 

3 

7 

No 

j 

1 

No 

i 

Yes ; 

i 

No 

No 

No 

1 

No 

HB 

92 

A 


? = Examination not done, PS = Accentuation of pulmonary 

Ra = R&les in lungs. second sound. 

HB — Hssmie bruit, Sy = Mitral systolic murmur, 

n = Normal, TA ~ Trace of albumin, 


Hookworm. 


K. P. Hare, 
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COL. 

Stool, 


M 


n 

o 

& 

to 

.g 

g 

^ . 

O o 

6 

a§ 

w 

R. B. C. in millions 
per c.mm. 

Leucocytes per c.mm. 

M. C. H. in micro- 
micrograms. 

It. C. V. in cubic 
microns. 

0 

<D 

u 

O 

PW 

.a 

d 

W 

d 

»-4 

<■< 

Nucleated reds in film. 

Result. 

5*6 

2*60 

6,600 

21*53 

9G-42 

22-33 


Recovery. 

7-8 

3*19 

7,000 

25*08 

104*22 

23-46 


do. 

4*8 

2*90 

6,200 

16*55 

86-45 

19-15 


do. 

3*8 

2*16 

6,400 

17*59 

95*88 

13-52 


do. 

7*2 

3*66 

3,000 

19*67 

89*34 

22-02 


do. 

4*2 

1*32 

3,600 

31*82 

90*83 

35-03 


do. 

6*3 

2*20 

7,400 

28*64 

? 

? 


do. 

6*7 

2*42 

9,000 

27*68 

? 

? 

•• 

do. 

6*0 

2*16 

9,200 

27*77 

? 

? 

•• 

do. 


orihochromic group . 


L 

. . 


6*4 

2*18 

5,200 

29*36 

110*00 


26*79 

N 

do. 

•• 

•• 

•• 

5*2 

2-59 

4,800 

20-08 

92-59 


21*68 


do. 

7 

7 

7 

4*4 

2-09 

5,400 

21*05 

91*24 


23-07 

. . 

do. 

L 

*■ 

•• 

4*6 

1*75 

8,000 

26*28 

99*66 


26-38 

N. Mg 

do. 

H 

H 

H 

4*2 

2-20 

12,400 

19*10 

111-48 


17-13 

N. Mg 

do. 

? 

? 

2 

3*8 

1*66 

? 

22-89 

147*74 


15*49 

N. Mg 

do. 

•• 

M 

L 

3*8 

1*60 

8,600 

23-75 

112*41 


21*68 

* * i 

Died in premature 











1 

1 

(35 weeks) labour, 
undelivered. 

H 

0 

L 

4*4 

2*46 

5,800 

17-88 

88*62 


20*18 

, , 

Developed acuto enter- 



___ 










itis six 'weeks after 
delivery and died. 


A ~ Albuminuria. 

L = Light infection. 
H = Heavy infection* 


M = Moderate infection. 
N s= Normoblasts. 

Mg = Megaloblasts. 


J, MR 


18 
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Clinical Investigations into Anosmia in Assam . 


PROTO 


Serial number. 

Age in years. 

Assam residence in 
years. 

Parity. 

Previously anaemic ? 

*u 

a 

a 

A 

4-i 

c 

aj 

o 

CD 

# 

Is spleen enlarged ? 

Is liver enlarged ? 

Abnormalities in lungs ? 

C*" • 

4-3 

« 

<D 

W 

CJ 

u 

& 

a 

3 

O 

T^J 

8 

c n 

W 

— — — — 

Is heart enlarged ? 

cn 

B 

o 

H> 

O 

.2 

33 

c3 

O 

Pulse rate per minute. 

| 

6 

2 

78 

20 

20 

1 

No 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

HB 

84 

n 

79 

28 

4 

3 

No 

No 

No 

No 

No 

Yes 

No 

n 

84 

n 

80 

24 

i 

2 

No 

No 

No 

No 

No 

Yes 

No 

n 

120 

A 

81 

26 

2 

1 

No 

No 

No 

No 

No 

Yes 

Yes 

HB 

120 

n 

82 

29 

3 

3 

No 

No 

Yes 

No 

No 

Yes 

Yes 

n 

96 

n 

83 

20 

20 

3 

No 

No 

No 

No 

No 

Yes 

Yes 

HB 

96 

» 

84 

28 

20 

4 

No 

No 

No 

No 

No 

No 

No 

n 

78 

n 

85 

18 

2 

2 

No 

No 

No 

No 

No 

! No 

| 

No 

IIB 

80 

n 

80 

30 

1 

6 

No 

! Yes 

Yes 

No 

No 

; No 

No 

n 

100 

n 

S7 

IS 

18 

2 

No 

No 

No 

No 

No 

No 

No 

n 

96 

n 

88 

35 

20 

8 

No 

! No 

No 

No 

No 

No 

No 

j n 

78 

n 

S9 

22 

G 

4 

No 

No 

No 

No 

No 

No 

No 

n 

84 

n 

90 

!8 I 

1 

1 1 

No 

No 

No 

No 

No 

No 

No 

HB 

90 

a 

91 

1 

21 

l 

1 

No 

No 

Yes 

No 

No 

Yes 

Yes 

HB 

92 

n 

92 

22 

22 

3 

No 

Yes 

No 

No 

No 

No 

No 

n 

82 

n 

93 

16 

16 

1 

No 

Yes 

No 

No 

No 

No 

No 

n 

80 

n 

94 

24 

{ 

1 

No 

No 

No 

No 

No 

No 

No 

n 

120 

n 


Macrocytic-hypcr 


95 

22 j 17 

3 

No 

Yes j Yes 

No 

No 

Yes 

Yes 

Sv 

114 

ji 

90 

IS j 1 

i 

i 

1 

i 

i 

No 

i 

j 

No j Yes 

I 

No 

No 

Yes 

I 

1 

Yes 

l 

n 

! 

90 

n 

1 


? = Examination not done. Sy ~ Mitral systolic murmur. 

HB — Hiemic bruit. A — Albuminuria. 

n r= Normal. 


K. P. Hare, 


1097 


COL. 





BH 

<o 

p 

u 

<D 

P 

<75 

a 

a 

i 

o 

o 

O 

d 

d 

CD 

O 

a 

3 






O 


o 

s 

d 





£ 

1 

d 

u 

<D 

P 

a 

•M 

d 

R< 

.a 

3 

<D 

M 

ItESUnT. 




IS . 

O O 

d 

• pH 

(73 

O 

. a 

W 6b 


d 

T? 

0) 

«m 



m 

'u 

c5 

T3 

■s 

'So 3 

So 

° a 
w jl 

S 1 

O 

o 

o 
. u 

03 

a 

o 

. H 

0.3 

. a 

W 

d 

c3 

o 

d 


W 

cn 

TJ 

H 

ffi I 

W I 

« 

o 

Hi 

v4 

a 

53 



M 

M J 

, • 

5*3 

1*87 

5,400 

28-34 

116*57 

24-31 


Died suddenly during 
full-term labour. 

M 

. . 

. . 

5*8 

3*18 

5,200 

18-23 

90-50 

20*08 


Recovery. 

H 

L 

. . 

5*2 

2*43 

7,000 

21*39 

89-71 

23*85 


do. 

L 

. . 

.. 

3*8 

1-74 

G,G00 

21-84 

100-23 

21-79 

’ * 

do. 

L 

. . 

" 

3*4 

1*93 

7,800 

17-02 

93-19 

18-90 


do. 


L 


4-0 

1*70 

3,000 

23*53 

118-59 

19-84 

N. Mg 

do. 

L 

L 

** 

5*0 

2*46 

5, G00 

20*32 

8S-G0 

22*93 


do. 

M 

*• 

L 

4-8 

2-63 

11,400 

18-25 

99-4G 

18-34 


do. 

H 


•• 

5*8 

2*81 

6,000 

20*64 

93-09 

20*17 

1 

do. 

L 

L 

•• 

7*5 

2*85 

8,800 

26*31 

87-9G 

| 

29*91 

•• 

do. 

M 

•• 

•• 

7-5 

2*98 

10,400 

25*16 

95*10 

26*46 


do. 

M 

L 


6*4 

2*27 

6,800 

28*19 

103*24 

27*31 

* • 

do. 

H 

•• 

- 

3*6 

2*31 

9,200 

15*59 

87*29 

17*85 

N. Mg 

do. 

L 

L 

1 .. 

3*8 

1*46 

7,200 

26*03 

97*05 

26*81 

N. Mg 

do. 

•• 

•• 

*• 

4*6 

2*94 

6,200 

15*64 

92*68 

16*88 

N 

do. 

•• 

•• 

•* 

6*2 

2*09 

13,400 

29*66 

135*59 

21*87 

N 

do. 

H 

L 

•* 

6*6 

2*59 

10,600 

25*48 

7 

? 


do. 

choi 

mic (j 

iroup. 

L 

•• 

•• 

5*2 

1*40 

4,600 

37*14 

140*14 

26-50 

N. Mg 

do. 

M 

•• 

•• 

3*0 

0*73 

12, GOO 

41-09 

1G4-25 

25-02 

N. Mg 

Suddenly developed 

~ 


— 








dyspnoea and died at 
39 weeks undelivered. 


M = Moderate infection. 
L = Light infection. 

H = Heavy infection. 


N = Normoblasts. 
Mg — Megaloblasts. 
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Clinical Investigations into. Anosmia in Assam, 


PHOTO 


Serial number. 

Age in years. 

Assam residence in 
years. 

Parity. 

O 

1 

B 

c 

ci 

*35 

S3 

O 

V 

o 

U( 

Recently had malaria ? 

Is spleen enlarged ? 

Is liver enlarged ? 

Abnormalities in lungs ? 

Is oedema present ? 

Is heart enlarged ? 

Cardiac sounds. 

Pulse rate per minute. 

Urine. 

97 

25 

25 

2 

Yes 

No 

Yes 

No 

No 

Yes 

No 

HB 

84 

n 

98 

30 

* 

5 

No 

No 

No 

No 

No 

No 

Yes 

n 

10G 

n 

99 

25 

25 

5 

Yes 

Yes 

Yes 

No 

No 

No 

No 

HB 

113 

TA 

100 

32 

. 9 

5 

No 

i 

Yes 

Yes 

Yes 

No 

No 

No 


80 

n 

101 

30 

10 

5 

No 

No 

No 

No 

No 

No 

No 

n 

84 

n 

102 

24 

7 

Mp 

No 

No 

Yes 

No 

No 

Yes 

Yes 

HB 

90 

n 

103 

28 

20 

4 

Yes 

Yes 

Yes 

No 

No 

No 

No 

HB 

90 

n 

104 

19 

3 

1 

Yes 

No 

No 

No 

No 

No 

No 

n 

80 

n 

105 

25 

20 

4 

Yes 

Yes 

No 

No 

No 

Yes 

Yes 

HB 

104 

? 

10G 

18 

5 

2 

1 Yes 

Yes 

No 

No 

Rh 

No 

Yes 

HB 

92 

? 

107 

35 

35 

6 j 

i 

Yes 

Yes 

No 

No 

1 Rh 

Yes 

No 

PS. HB 

92 

? 


? = Examination not done, 
Mp = Multi para. 

Rh = Rh on chi in lungs. 

HB = Hremio bruit. 


PS 5 = Accentuation of pulmonary 
second sound, 
n = Normal. 

TA = Trace of albumin. 


K. P. Bare , 
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R. B. C. in millions per 
c.mm. 

Leucocytes per c.mm. 

o 

u 

o 

0 

w 

• S I 
w jjf> 

u 

li 

w 

r*? 

31. C. V. in cubic 
microns. 

[ 

d 

o 

v 

u 

<y 

.s 

d 

W 

v 

Nucleated reds in film. 

1*41 

6,400 

34*04 

139-16 

24*46 

N. Mg 

1*59 

6,800 

36*48 

137*11 

26*60 

N. Mg 

V71 

3,200 

39-18 

121*13 

32-35 

N. Mg 

1*81 

6,000 

34*25 

? 

? 

N. Mg 

1 '75 

o 

o 

36*00 

* 

? 

N. Mg 

1-87 

4,400 

32*62 

? 

? 

N. Mg 

1*46 

7,400 

47*26 

? 

? 

N. Mg 

1*00 

9.600 

35*00 

? 

? 

N. Mg 

? 

? 

? 

? 

? 

N. Mg 

? 

? 

? 

? 

? 

N, Mg 

? 

? 

? 

? 

? 

N. Mg 


Rksult. 


Recovery, 

do. 

do. 

'Developed pneumonia 
and jaundice ton 
days after delivery 
and died in 24 hours. 

Recovery. 

do. 

do. 

do. 

do. 

do. 

Died undelivered urith 
symptoms of air 
hunger. 


M = Moderate infection. 
L Light infection. 


N = Normoblasts. 
Mg = Mogaloblasts. 
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normal hematological standards in the 

MONKEY (MAOACUS SINIOUS ). 
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Wills and her co-workers ("Wills and Bilimoria, 1932 ; Wills and Stewart, 
1935) liave reported tlie development of a nutritional macrocytic-hyperchromic 
anemia in monkeys fed on diets resembling those consumed by patients suffering 
from ' tropical macrocytic amentia ’ in Bombay. An experiment is at present 
in progress in the Laboratories in which the luematological and other changes occur- 
ring in monkeys fed on ill-balanced rice diets are being investigated. In order to 
provide a standard of comparison for the luematological findings in the deficient 
animals, the blood in a series of normal monkeys fed on a well-balanced and liberal 
diet has been studied. 


Material and methods oe investigation. 

Thirteen Macacus sinicus monkeys (group A), varying in weight from 4 lb. to 
10 lb., were fed on a diet based on whole wheat, milk, and vegetables, resembling 
that given to the stock rats in the Coonoor Laboratories. Its composition was as 
follows: — 


Atta (whole-wheat flour 
Pulse 

Whole milk . . 

Butter 

Root vegetables 
Other raw vegetables 
Bruit 


Per monkey 
per day. 

. . 100 g. 

log. 

. . 150 c.c. 

.. 10 g. 

.. 40 g. 

• • 40 g. 

.. 20 g. 


( HOI ) 
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The atta, pulse, and butter were given together in the- form of a * chapatti ’ 
(unleavened cake). The other foods were fed separately in the raw state. The 
kind of pulses, vegetables, and fruit supplied were varied from day to day. 

The animals were kept in separate cages under thoroughly hygienic conditions. 
They were housed in airy rooms, the temperature of which was kept fairly constant, 
by artificial heating, if necessary, during the cold season. The animals were set 
free for exercise every day in enclosed * runs ’, which provide plenty of room and 
sunshine. The blood examinations were made after the animals had been in the 
Laboratories for about a year. 

Methods of investigation . — The blood for red and white cell counts, smear and 
haemoglobin estimation was non-oxalated and taken direct from puncture of the 
marginal vein of the ear. The blood for cell volume was obtained by venepuncture 
from the superficial vein on the posterior aspect of the leg and was oxalated in 
Wintrobe’s dry oxalate mixture tubes (Hynes, 1939). These tubes are prepared by 
placing 0*1 ml. of a solution of 0*2 per cent potassium oxalate and 0*3 per cent 
ammonium oxalate in a small-sized tube and drying in an incubator, and one tube 
is used for every 0*25 ml. of blood. 

The red and white cell counts were made in a new quadruple counting chamber 
(Levy-Hausser) * made of green glass with improved Neubauer and Ruchs-Rosenthal 
rulings. The main advantages of this slide are : — 

(i) Two ruled separate chambers are provided for both red and white cell 

counts to facilitate making duplicate counts for greater accuracy, 

(ii) The Ruchs-R osenthal ruling (consisting of sixteen 1 mm. squares 

bordered by triple lines, with each 1 mm. square sub-divided into 
sixteen smaller squares by single lines) permits of great accuracy in 
* the enumeration of leucocytes and minimizes the experimental 
error. 

Toisson’s fluid has been used for diluting red blood cells and Turk’s solution 
for leucocytes. The counts were made immediately after dilution to prevent any 
lysis. The cell volume was estimated with the hematocrit. The hematocrit tubes 
were filled with blood and centrifugalized for 15 minutes, at about 2,500 revolutions 
per minute in the first instance, and for another five minutes subsequently to ensure 
that the maximum amount of packing of corpuscles had taken place. 

The red cell diameter was measured by a modified direct method described 
by Sankaran and Radhakrishna Rao (1938). Two hundred and fifty cells were 
measured for each animal, and from the figures obtained the mean diameter was 
calculated. 

The haemoglobin was estimated with a Hellige Normal ILemometer containing 
two non-fading coloured prisms for comparison. Square-shaped measuring tubes 
with Sahli scale were used for the blood solution and readings were taken one 
hour after the addition of blood to deci-normal hydrochloric acid. 


* Supplied by Arthur H. Thomas Co., Philadelphia, U.S.A, 
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Results. 

Tables I and II give tlie results. In order to study the possible effect of alti- 
tude on the blood, Coonoor being situated about 6,000 feet above mean sea-level, 
26 animals (group B) were investigated soon after their arrival in the Laboratories 
from the plains. All these animals were obtained from a dealer in Madras city 
shortly after they were caught in the wild state. Hematological findings for these 
animals are incorporated in Tables I and II. Figures reported by other workers are 
included in the tables for purposes of comparison. 


Discussion. 

The mean red cell count of the animals in group A was slightly higher, while 
the mean value for liamioglobin was lower, than the figures for human beings given 
by Sokliey el al. (1937). The mean red cell diameter was close to that observed in 
a group of South Indians, which was 6*85 microns (Sankaranand Radkakrishna 
Rao, loc. cit.). Both the total and differential counts of leucocytes showed great 
variations. The mean total white cell count was much higher than that found 
in normal human beings. A preponderance of lymphocytes over polymorpho- 
nuclear cells was a constant feature in the differential counts. 

There was no increase in the haemoglobin level in the animals after being kept 
in Coonoor for about a year. In group A, the mean red cell count and the mean 
red cell diameter were slightly higher than in group B ; the difference in the case 
of the former was just significant statistically, but not significant in the case of the 
latter. Nucleated red cells were sometimes encountered in the peripheral blood 
of the animals during a short period after their arrival in Coonoor. 

The literature on normal hematological standards in monkeys, except contri- 
butions by IOieneberger and Carl (1927) and Harmon et al. (1931), whose figures 
could not be obtained, is summarized in Tables I and II. In general, the results 
reported by these workers agree with those obtained by us. 


Summary. 

A study of hsematological standards in Macacus sinicns monkeys fed on a 
liberal diet based on wheat, milk, and vegetables has been undertaken. The 
following results were obtained : — 

Total red cell count : 6*305 millions per cubic millimetre. 

Hsemoglobin content (Sahli-Hellige scale) : 11*1 grammes per 100 ml 
Red blood cell diameter (modified Price- Jones’ method) : 6*78 imVrnnc 
Volume of packed cells: 43*7 per cent. * “ 

Mean corpuscular volume : 70*54 cubic microns. 

Mean corpuscular hsemoglobin : 21*09 micro-micrograms. 

Mean corpuscular hemoglobin concentration percentage * 32 * 54 . 
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H climatological standards in monkeys , 
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BLOOD GROUPS OF COMMUNITIES IN CALCUTTA. 


Lieut.-Colonel S. D. S. GREVAL, i.m.s., 

AND 

Captain S. N. CHANDRA (late i.m.s.). 

(From the Imperial SerologisCs Laboratory, School oj Tropical Medicine, 

Calcutta.) 

[Received for publication, December 11, 1939.] 

I. The figures and their source. 

In Table I are given figures taken from the last ten years records of the Rlood 
Transfusion Service which has been run from this laboratory for the hospitals in 
Calcutta for the last fifteen years. 

II. The technique of grouping blood. 

The technique lias of course improved with the passage of time. It has always 
possessed the following features : (I) preparations on slides, uncovered, for macro- 
scopic reading, (n) r. b. c. washed and made into 2 per cent (or about 2 per cent) 
of suspension (whole blood not used), (Hi) serum separated from the clot and 
inactivated if necessary (plasma not used), ( iv ) equal volumes of r. b. c. suspension 
and scrum used (a volume of saline not added), error if any on the side of excess of 
serum, (v) time allowed at least 15 minutes, and (vi) both the red blood cells and the 
serum tested. 

Most of the subjects tested have been either donors or recipients of blood. 
Their bloods have been matched directly also, after grouping. Incidentally, the 
correct grouping of the great majority of the subjects has been confirmed 
biologically with successful transfusions. 

Using this technique no ‘ defective ’ groups or anomalous reactions have been 
found in bloods of healthy subjects although a sharp look out has been kept for 
them for the last five years. Even in the bloods of diseased subjects incompati- 
bility within the same group or other anomalous reactions due to morbid causes 
have been encountered on rare occasions only. 

Lately, the quantities of the r. b. c. suspension (2 per cent) and the serum have 
been standardized. One drop of each from a capillary pipette 
to a c.c. has been used. The reaction has been done at room 

( 1109 ) 


delivering 50 drops 
temperature in a 



1110 


Blood Groups of Communities in Calcutta. 


moist chamber made with a Petri-dish containing a wet piece of filter-paper in a 
watch-glass. Observation has been extended to 30 minutes. The preparations 
so made and kept do not dry up for 24 hours. Further, the agglutinating sera 
a and b have been selected. Their titre, for a reaction appearing within a minute, 
has not been less than 1 in 5. 

III. Superiority op eigures derived from routine work over 

THOSE OBTAINED BY SPECIAL EFFORTS. 

It is suggested that, with the development of blood transfusion service centres, 
figures of this kind preserved by competent serologists will, in the course of a few 
years, supply more useful and reliable information concerning the distribution 
of blood groups in India than has been collected by field workers. The average 
field worker, in his zeal speedily to leave his footprints on the sands of anthropology 
or genetics, more often than not employs rough and ready methods. Fingers are 
pricked at weekly markets and fairs, more often than not without consideration 
for asepsis ; whole blood of the subject is used ; testing sera are not selected ; and 
preparations are not made and examined with any attempt at uniformity. Speed 
rather than accuracy dominates the effort. 

It will pay the field worker to make contact with and look upon a fully equipped 
serological laboratory as his headquarters as much as the library and the writing 
desk. There are pitfalls in the technique of iso-hcemagglutination. Their 
acquaintance must be made. Field work need not be needlessly inaccurate. 

IV. Statistical examination of Table I. 

For this examination the writers are indebted to the Department of Vital 
Statistics and Epidemiology, All-India Institute of Hygiene & Public Health, 
Calcutta. 

1. p, q, and r fulfil the requirements of the formula p + q -f r = 1. 

2. The difference between the British soldiers stationed in Calcutta and the 
Europeans of Calcutta is significant. The difference is primarily due to the signi- 
ficantly larger proportion of Europeans with B blood group. 

3. The difference between the I. M. D. students and other members of the 
same Anglo-Indian community is not significant. 

4. The difference between the Calcutta Europeans (consisting of a very small, 
military population and a very large non-military population) and the Anglo- 
Indians is not significant. 

5. The difference between the Calcutta Europeans (and Anglo-Indians) and 
the English and the Germans of Munich of Table II is significant. The significance 
is mainly due to the larger proportion of' Calcutta Europeans with blood 
group B and the smaller proportion of them with blood group A. 

6. The difference between the Calcutta Europeans (and Anglo-Indians) and 
the Germans of Berlin and Vienna is significant. The significantly larger proportion 
of the Calcutta Europeans with blood group 0 is responsible for. the difference. 
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7. The difference between the Calcutta Europeans (and Anglo-Indians) and 
English in Australia of Table II is significant, the significantly larger P r oP° rfcl ° n 
with blood group B and smaller proportion with blood group 0 of the Calcutta 
Europeans being responsible for the difference. 

8. The difference between Brahmins, other high caste Bengalees and depressed 
class Bengalees in Calcutta is not significant. 

9. The difference between the Calcutta Hindus and the U. P. Hindus (all 
castes, Table II) is significant. The significantly larger proportion among Calcutta 
Hindus with blood group 0 is mainly responsible for the difference. 

10. The difference between the Hindus and the Mohammedans in Calcutta 
is not significant. 

The frequency of general distribution has been worked out in each case for 
satisfying that the population is homogeneous. For establishing the resemblances 
and differences in the various population groups the significance tests have been 
carried out on the phenotype frequencies which are the original observations. 

The analysis was carried out by means of x 2 -technique. 


V. Observations on Table I. 


(i) The European figures for Calcutta are quite unlike the European figures from 
elsewhere. — They approximate to the Anglo-Indian figures. Inclusion of the Anglo- 
Indians with the domiciled Europeans and of the latter with the European 
mercantile community resident in Calcutta is likely. The Presidency General 
Hospital, Calcutta, from the in-patient department of which the material was 
obtained, is essentially a hospital for the European population of Calcutta. A few 
non-European patients are also admitted. They have been excluded from the 
table. Jews and Armenians (living like Europeans) have also been excluded. 

(w) The Anglo-Indian figures show a distinct rise in B but remain of the European 
type inasmuch as A is appreciably higher than B. — All the subjects tested have, on 
the whole, approximated to the European type in stature, build, features, and 
complexion. In this respect a selection in favour of the type has operated. 

So far as the writers are aware no other figures of this community are available. 


(Hi) The figures for Vaidyas {also spelt Baidyas) though derived from a small 
number are striking.— 0 predominates for no obvious reason. This community 
though not large is widespread. Inbreeding is excluded by the general Hindu 
laws of marriage. On the contrary, according to Risley (1891), Porter (1933), and 
common belief, the origin of this caste of the physicians of Bengal is more mixed 
than that of the other high Hindu castes. The writers have found (unpublished 
work) such predominance of 0, in this region of Asia, only in the Gurkha and the 

rsnrmooo 4- -r» ^ r-. v 


r-r T m? H ™ du f’ gures di fl er -f rom ihose of Malone and Lahiri (1929) for V P 
Hindus.— The difference lies m an increase in 0. This is contrary to the exoectn ’ 

tions based on Malone and Lahiri’s conclusion to the effect that 0 increases as 
one travels up the Ganges valley. increases as 
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Blood groups of 2,472 subjects of Calcutta population. 


1112 


Blood Groups of Communities in Calcutta 












































(i) Hindus : — 

Brahmins .. 201 76 37’8 40 19'9 71 35-3 14 6'9 0-145 0-240 0'615 l'OOO 



Total Calcutta population tested . . 2,472 (Indians 1,638. Non-Indians 834). 
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Tke difference between the Brahmins at one end of the social scale and the 
depressed classes at the other is not significant. The writers, therefore, conclude 
that looking for minute differences, in small collections of figures, from odd places 
and professions in Bengal, is not likely to prove profitable. . . 

( y ) Th e difference betiveen the figures o f the various Indian communities, Hindus 
and Mohammedans, with the exception oj the Yaidyas and ‘ other castes ’ (a very small 
group) is not significant.— The figures for Mohammedans in the writers’ collection 
are more representative of the general population than they would be when 
collected from small localities where inbreeding occurs. This inbreeding, 
incidentallv, is the essential difference between small and isolated Hindu and non- 
Hindu populations. Even when it occurs amongst the Hindus, in Southern India 
and parts of the Bombay Presidency, it is much more restricted than it is 
amongst the non-Hindus. 

The lack of significant differences between the various Indian communities 
in Calcutta further supports the conclusion that search for differences in small 
Bengalee communities, Hindu or Mohammedan, is not likely to prove profitable. 


VI. Certain amendments and elucidations concerning figures 

USUALLY OR LIKELY TO BE QUOTED. 


[i] English ( Liverpool ) figures of J ones and Glynn. — These figures reputed to 
be from 1,600 subjects have appeared in a book and are likely to be quoted by 
workers. Taylor and Prior (1938) have shown that the figures have been confused 
with 1,600 tests on 40 subjects only. 

(ii) Northern India figures oj Malone and Lahiri (loc. cit.). — They have also 
appeared in a book. In the original paper they are stated to be derived from the 
Hindus of various castes in the United Provinces of Agra & Oudh. They are 
figures for U. P. Hindus only, as has been stated in the table for comparison. 

{Hi) Hindoos oj the American boohs. — The term Hindoo or Hindu of course 
includes all natives of India. 


(w) Calcutta Indian figures of Greval, Chandra and Woodhead (1939) given in 
the table for comparison. — The Indian figures were derived from 300 subjects. In 
them B was higher than A as expected. A and O, however, were equal. This 
work was undertaken for the determination of the types M, N, and MN. As 
typical of the distribution of the groups in Calcutta Indians, ’the present figures 
winch are derived from a much larger number, are to be preferred. 

^ he fig" 163 of this small series are excluded from those in Table I which as 
stated before are taken from the register of donors and recipients of blood. The 
material for the small series was obtained from specimens received in this labora- 

al„L "el’s” teSt ' T ' reSh ° l0tS WMe WaSlled iOT Irf Mood cells wllMl 


Of tte Imperial Seiologist, Calcutta? a^ab^givingX 
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subjects of the Calcutta population, by communities, is compiled. Another table 
is compiled from previous workers’ figures for comparison. 

2. Essential features of the technique used in grouping subjects are given. 

3. It is pointed out that figures collected in the routine of a serological 
laboratory are superior to those of a field worker who more often than not employs 
rough and ready methods. 

4. Statistical examination of the figures is given. 

5. The following points emerge : (i) figures for the Calcutta European 
community, 488 subjects, are unlike those of other European communities ; (it) 
figures for the Calcutta Anglo-Indian community, 346 subjects, are like those of 
the Calcutta European community ; (in) figures for the Calcutta Hindus, 1,302 
subjects, with the exception of the Vaidyas, are alike, regardless of the social scale 
and contrary to expectation differ from those of U. P. Hindus in an increase in 0 ; 
(iv) figures for the Vaidyas, 50 subjects, show a remarkable predominance of 0 ; 
(u) figures for the Calcutta Mohammedans, 321 subjects, are like those for the 
Calcutta Hindus ; and ( vi ) looking for minute differences in small and isolated 
communities in Bengal, Hindu or Mohammedan, is not likely to prove profitable. 

6. Certain incomplete and erroneous references and descriptions are amended 
and elucidated. They concern: (f) Jones and Glynn’s figures for- the Liverpool 
English, (ii) Malone and Lalxiri’s figures, in a book, for Northern India, (Hi) 
Hindoos of the American authors, and (iv) Greval, Chandra and Woodhead’s figures 
for Calcutta Indians. 
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Postscript . — 

The following passage from a letter which appeared on page 4 of The Siatesma7i , Monday, the 
15th January, 1940, may explain the similarity between the blood groups of the non-military 
European community and the Anglo-Indian community in Calcutta : — 

u In any case it will be admitted that the number of domiciled European families is 
very small indeed. The families are constantly moving in Anglo-Indian circles and 
frequently intermarry with those of mixed descent. 

* * * * * * 

Calcutta, January 9, Henry Gidney, 

Lieut.-Colonel, I.M.S. (retd.)." 

S. D. S. G.— 21-3-1940. 
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Disorders of the alimentary tract are the result of dysfunction of an extremely 
complicated system finely adjusted and dependent upon various factors, chemical, 
biochemical, and neurological. Radiological studies of the alimentary tract in 
man, during recent years, have shown the extreme variability and adaptability 
of various parts of the tract to postural, physiological, and emotional responses. 
It would appear, therefore, that full cognizance must be taken of all these factors 
when experimental studies on this system are made and, in addition, the animal 
for experimentation should be one with an alimentary sj^stem closely resembling 
that of man. 


A large amount of experimental work on this system has been carried out in 
various countries in connection with disorders pertaining to the digestive tract. 
Most of the workers have confined their experimentation to laboratory animals, 
such as the rabbit, dog, and rat, presumably due to the ease with which these 
animals can be obtained in most countries. In India, the monkey is very easily 
procurable and was considered a suitable animal to employ. 

The author has, therefore, used it exclusively for feeding experiments in 
connection with experimental production of gastro-duodenal ulcers. Radiological 
study in man has shown how mere anatomical considerations are misleading. The 
living alimentary tract of normal monkeys, with the help of an opaque meal 
examination, has therefore been studied. The results of these observations are 
recorded in this short note. 


The barium meal was made up in the usual manner as prepared for human 
cases. A preparation of Horlicks and barium sulphate sold under the proprietarv 
name Horlicks Shadow Rood 5 was used and found quite suitable. P The meJl 
did not seem to upset the animals in any way. 

( U17 ) 
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The animal was tied to a wooden cross by means of bandages. In order to 
prevent the animal from moving about much and making it difficult to take X-ray 
exposures, it was found convenient to fix the hips and hind limbs with tight 
bandages. The abdomen and thorax were lightly bandaged to prevent distortion 
of the shape of viscera in the abdomen and limitation of the respiratory movements 
of the thorax. The fore-limbs were also tied. Animals so tied behaved perfectly 
and could be screened and X-rayed with the greatest of ease in both the erect and 
recumbent positions. 

The most convenient method of introducing the meal was by lightly 
ansesthetizing the animal after tying him on the cross and then introducing No. 12 
rubber catheter into the oesophagus and injecting the meal with a 20-c.c. syringe. 
Forty c.c. of the barium meal was found to be the average quantity sufficient to 
fill two-thirds of an empty stomach. All animals were starved after the evening 
meal of the day previous to examination. 

After the introduction of the barium meal, repeated screen examinations were 
carried out at varying intervals to note the movements of the meal. Records 
were made at definite intervals and X-ray photographs taken. The animals were 
kept in the erect position during the examinations and were given nothing to eat 
or drink until after the six hours’ examination. Anaesthesia was only required 
for the introduction of the meal. 

The first experiment revealed the profound influence the surroundings have 
on the movement of the alimentary tract of the monkey. The introduction of the 
meal under chloroform, the low temperature of the air-conditioned rooms of the 
Barnard Institute, and disturbing conditions in the X-ray rooms owing to lights 
being switched on and off coupled with the fact of the animal being tied down to 
the wooden cross resulted in almost complete inhibition of the intestinal movements. 
In this experiment, the stomach of the animal remained full for several hours 
until the animal was released and returned to the cage. It may be noted here 
that in man the psychological factor causes excitation and rapid exit rather than 
retention as was observed in the monkey. 

It was deemed necessary, therefore, to release the animal after each examina- 
tion, to reduce the number of examinations and to keep the animal in the X-ray 
room all the time to get him used to the surroundings and the temperature. With 
these modifications in procedure, repeatable results were obtained. 

Plates NLIII to XLVII show the barium meal pictures of a monkey. It will 
be seen that in this animal, under the conditions of the experiment, the stomach 
appears to be of the ‘ J 5 pattern rather than the ‘ L ’ or the ‘ steer horn ’ patterns 
classified in man. 

The peristalsis is observed to originate from where the rather long fundus 
joins the body of the stomach and it becomes deeper as it approaches the pyloric 
area. The pyloric canal is well formed. Screen examination and stimulation 
of the stomach wall by palpation induces peristaltic activity. The opaque meal 
begins to enter the duodenum immediately after it is introduced into the stomach. 
The shape of the duodenum gets elongated and it appears to retain the meal unti 



Plate XLIII. 


Barium meal examination on monkey. 



Taken immediately after the introduction of the barium meal — The outline 
of the stomach in the erect position is shown with formation of the duodenal 
cap. Portion of the meal has already escaped into the jejunum. 


Plate XLIV, 


Barium meal examination on monkey. 



Two hours after the meal — The stomach is emptying. The first part of the 
duodenum is seen full. A large portion of the meal is seen in the small intestine. 





Three-and-a-lialf hours after the meal — The stomach is nearly empty. The first part of 
the duodenum is seen full. Meal is seen in the csecum and small intestine. 






Plate" XL VII. 

Barium meal examination on monlcey. 



Plate XLYIII. 

Barium meal examination on monkey. 



Twenty* four hours after the meal — The well-marked rectal ampulla is well seen. 




J. R. Dogra. 
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it gets fully filled when it empties itself into the lower portions of the duodenum. 
The body of the stomach and the pyloric antrum merge into each other before the 
contents are passed into the first part of the duodenum. The duodenal filling 
and emptying co-ordinate with the contractions and dilatations of the pyloric 
antrum. The average emptying time for the monkey stomach was 3d to 4 
hours (five experiments). 

The small intestine shows the usual movements seen in man except that the 
movement of the terminal coils of the ileum is of much greater amplitude than in 
man. When it is filled, the terminal coils of the small intestines are situated lower 
down in the pelvis. 

The csecum persistently remains just above the crest of the ileum. It is 
completely filled with the barium meal in about six hours. 

The entire meal escapes into the descending colon and rectum in 24 hours. 
The haustrations of the descending colon are Well marked and the rectal ampulla 
is much more definitely shown in the monkey than in the human subject 
(Plate XL VIII). 

The anatomical considerations, which are not detailed here, and the radiological 
studies recorded, sufficiently indicate the close resemblance of the alimentary tract 
of man and monkey. 

Summary. 

Radiological studies of the alimentary tract of Macacus sinicus after an opaque 
meal are recorded and the close resemblance of the physiological reactions of the 
alimentary tract of man and monkey shown. 
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It has been shown in two papers published by one of us (Ghosh, 1935, 1936) 
that the' combination of antigens with their respective antibodies can be accounted 
for quantitatively by equations based on the theory of surface reaction or 
adsorption. Of the various types of combination which are theoretically possible, 
only three have so far been considered in detail and they are as follows : — 

1. An antigen particle occupies one active point on the surface of an 

antibody particle. 

2. An antigen particle occupies two active points on the surface of an 

antibody particle. 

3. An antigen is a mixture of two types of particles having properties 

envisaged under (1) and (2). 

The mode of combination of Russell’s viper venom with its antiserum was 
investigated with a view to ascertain if it can be included under any of the three 
types enumerated above. The results which we have obtained indicate that the 
reaction is of the type (1) and the equation representing the number of units of 
venom (one unit of venom = one pigeon m.l.d. = 0'01 mg.) neutralized by the 
antivenene has the form — 


p _ (K + C + TN) - V__ (K + C + TN) 2 - 4TNC ' 


. . . ( 1 ). 


In the above equation P represents the number of units of venom neutralized 
C the number of units of venom taken initially, T the amount of antivenene added 
m c.e. and K and N are constants. N stands for the maximum number of units 
of venom which can be neutralized by 1 c.c. of a given sample of antivenene and 
is a characteristic constant of the sample. 

( 1121 ) 
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It may be noted that the number of units of venom which remains free is 
(C— P) and it can be calculated with the help of the equation (1) — 

(Q _ P) __ q _ (K + C + TN) - ^(IC+ C+ TN) 2 - 4TNC . ^ ^ 

Experimental. 

A 0'1 per cent solution of Russell’s viper venom in 0'9 per cent sodium- 
chloride solution was prepared and 2 c.c. of this solution containing 200 units were 
placed in each of a series of tubes numbered 1, 2, 3, 4, and so on. The amount of 
antiserum which was added to tube No. 1 was O'l c.c., to tube No. 2, 0-2 c.c., to tube 
No. 3, 0 - 3 c.c., and so on. Requisite amount of normal saline was finally added to 
each of the tubes so that the volume of the solution in each was 3‘0 c.c. The 
tubes were carefully stirred to ensure thorough mixing of their contents and were 
placed in a thermostat at 37°C. for 30 minutes. The number of units of venom 
free in each tube was determined in the following way : Let us consider tube 
No. 4 which contains 2 c.c. of venom solution, 0 - 4 c.c. of antiserum and 0‘6 c.c. 
of normal saline. Part of its contents was taken in a micro-syringe and injected 
intravenously in increasing doses into a number of pigeons of standard weight. 
Suppose the pigeons which received 0‘37 c.c. and smaller doses survived and those 
which received 0‘38 c.c. and higher doses died within 15 minutes. Then 0-38 c.c. 
of the mixture must have contained at least one unit of venom in the free state. 
Therefore the amount of venom which remains uncombined in 3 c.c. of the mixture 
is 3/0‘38, i.e., 7'9 units. Each of the above experiments was repeated twice and in 
a few oases thrice. The results are recorded in Tables I and II. The amount of 


Table I. 

N = 756-30. 
K = 5-18. 


Units of 
venom taken 

c. 

Number of c.c. 
of antivenene 
added 

T. 

Units of venom neutralized. 

Observed. 

Calculated from 
equation (1). 

200 

(HO 

75*0 

72-7 

200 

0*15 

107*0 

107*4 

200 

0*20 

140-0 

139*3 

200 

0*25 

103*5 

1G4-7 

200 

0*30 

175*0 

180-0 

200 

0*40 

192-2 

191-0 

200 

0*50 

197*0 

195-0 
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t 1 neutralized by tic antivenene was determined by subtracting 

rT.mtr o"d venom Lnd free from 200 which represented the total 

number of units of venom taken initially. 


Table II. 

N = 756*30. 
K = 5-18. 


Units of 
venom taken 

C. 

Number of c.c. 
of antiveneno 
added 

T. 

Units or venom free. 

Observed. 

Calculated from 
equation (1). 

20C 

0*10 

125*0 

127-3 

200 

0*15 

i 

93*0 

92-0 

200 

1 

0*20 

60*0 

GO-7 

200 

0*25 

36*5 

35-3 

200 

0*30 

25*0 

20-0 

200 

0*40 

I 7*8 

9-0 


Effect of dilution. 

The efieet of dilution of tbe solutions of venom and the antivenene on their 
mutual reaction was investigated. The venom was diluted so that 2 c.c. of its 
solution contained 100 units. The antiserum was also diluted, 1 c.c. being made 
up to 3 c.c. The rest of the experimental procedure was exactly the same as before. 
The final volume of the mixture was also 3 c.c. in each of the tubes. It follows 
from theoretical considerations that the equations (1) and (2) should be applicable 
to this case also ; only the constant N which is characteristic of the antiserum 
should have for this diluted system one-third of its former value owing to the 
antiserum being diluted three times. The other constant K depends only on the 
temperature at which the reaction occurs and hence should not change with 
dilution. These theoretical conclusions are fully borne out by experimental facts 
The results are recorded in Tables III and IV. It will be noticed that the 
agreement between the observed and calculated values is quite good. 
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Table III. 
N = 252-10. 
K = 5-18. 


Units cf 
venom taken 

C. 

Number of c.c. 
of antivenene 
added 

T. 

! Units of venom neutralized. 

Observed. 

i 

! Calculated from 
! equation (1). 

| 

100 

j 

0*1 

25-0 

23*6 

100 

0*2 

46*0 

46*0 

100 

0*3 

66*3 

65*7 

100 

0*4 

82*4 

80*1 

100 

0*5 | 

88*3 

88*1 

100 

0*6 

91*9 

92*0 

100 

0-7 

i 

93*4 

94*1 


Table IV. 
N = 252-10. 
K = 5-18. 


Units of 
venom taken 
C. 

Number of c.c. 
of antivenene 
added 

T, 

I 

Units of venom free. 

Observed. 

Calculated from 
equation (2). 

100 

0*1 

75*0 

76*4 

100 

0*2 

54*0 

54*0 

100 

0*3 

33*7 

34*3 

100 

0*4 

17*6 

19*9 

100 

0*5 

11*7 

11*9 

100 

0*6 

8*1 

8*0 

100 

0*7 

6*6 

5*9 
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The Danysz phenomenon in the reaction between Vipcra russellii venom 

and its antitoxin. 

It Kas been reported (Arrhenius, 1907) that in the reaction between cobra 
poison and its antibody, Danysz phenomenon does not occur. The experiment 
has recently been repeated by us using cobra hcemolysin and our results are also 
similar to those of early workers. We next investigated the reaction between 
Vipera russellii venom and its antitoxin with a view to ascertain if it shows Danysz 
phenomenon. In a preliminary experiment the amount of antitoxin which, when 
added to a given amount of venom in one instalment, just neutralized it, was 
determined. Two series of tubes were then set up each containing the same amount 
of antitoxin and the given amount of venom was added to scries I tubes in one 
ins talment and to series II tubes in two instalments at an interval of 30 minutes. 
The mixtures were then incubated at 37°C. for thirty minutes and injected into 
pigeons weighing 290 g. to 300 g. The results are recorded in Table V in which 
the ‘ — 5 sign indicates that the pigeons did not die within 3 hours and 
the ‘ + 5 sign indicates that the pigeons died within 10 minutes of the injection. 
It will be noticed that the contents of tubes of series II in which the venom 
was added in two instalments were decidedly more toxic than those of series I. 


Table Y. 


Series I. 


Tube number : — 

1 

2 

3 

4 

5 

C 

Volume of antitoxin added 

1 

1 

1 

1 

1 


in c.c. 






Volume of venom in c.c. 
added all at once. 

1-4 

1*4 

1-4 

1-4 

1*4 

1*4 

Effect on pigeons 

! 

— 

— 

— 

— 

— 


Tube number : — . 

1 

2 

3 

4 

5 

0 

Antitoxin added in c.c. . . i 

1 

1 

1 



i 

Volume of venom in c.c. 
added, per instalment at 
30 minutes’ interval. 

0-7 

0-7 

0-7 



i 

1 0-7 

Effect on pigeons 

+ 

+ 

+ 



+ 










1126 j Reaction between Vipera russellii Venom and its Antivenene. 


Flocculation test in mixtures of venom and antivenene. 


The possibility of titration of cobra antivenene by precipitation reaction was 
first investigated by Lamb (1904). He could not find any relation between the 
potency determined by animal experiment with that determined by precipitation 
reaction. Calmette and Massol (1909), on the other hand, claimed that it was 
possible to determine the potency of antivenene by precipitation reaction. 
Recently, Malliek (1935) tried to determine the potency of the Kasauli anti- 
venene against cobra venom and failed to confirm the results of Calmette and 
Massol. We also studied the flocculation reaction of antivenene against protein 
fractions separated from cobra venom and found that the flocculation reaction 
occurs with a protein fraction which does not contain the neurotoxin. Therefore, 
both Mallick’s and our results are in agreement -with the observation of Lamb 
that the precipitation reaction cannot be used for the in vitro titration of 
antivenene against cobra (Naja naja) venom. The possibility of titration in vitro 
of antivenene against Vipera russellii venom was also investigated by us. Of a 
series of tubes containing Vipera russellii venom and antivenene in different 
proportions, the one containing the balanced mixture was found to develop 
greater turbidity than the others. The results obtained from four different 
samples of antivenene tried so far, are recorded in Table VI. A unit of 
antivenene is taken to be that amount which can neutralize 1 m.l.d. of venom 
(tested on pigeon). 


Table VI. 


Number of 
antivenene 
sample. 

Potency determined by 

Animal 

experiment. 

Turbidity 

test. 

l 

i 

Units. 

Units. 

1 

180 

175 

2 

320 

300 

3 

318 1 

285 

4 

680 

667 


Conclusions. 


1 . It has been shown that the neutralization curve of Vipera russellii venom 
by its antivenene can be represented by an equation of the form — 

■p (K + C + TN) - y (K + C+ TN) 2 - 4TNC 
1 — 2 
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2. Wlien a given quantity of Yipera mssellii venom is added to an equivalent 
quantity of the antivenene in two instalments at an interval of 30 minutes, the 
resulting mixture develops slight toxicity. 

3. Some observations have been recorded which indicate the possibility of 
titration in vitro of antivenene against Yipera mssellii venom by comparison of 
turbidity developed in vonom-antivenene mixtures. 
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Dilution method is designed for the estimation of the number of organisms 
present in a certain quantity of water. The method consists primarily in preparing 
several different dilutions of the original water sample. Prom eacli of these 
dilutions a number of samples of known quantity are drawn and eacli of these 
samples is inoculated in separate tubes in liquid media. The presence or 
absence of organisms in each tube is indicated by. gas formation. The records 
thus obtained, i.e., of the number of tubes showing evidence of the presence of 
organisms and of those failing to do so, are made the basis of estimation of the most 
probable number of organisms present in the original samples. 

In a former publication (Swaroop, 1938) formula! were given for the determina- 
tion of the most probable number of organisms and of the standard error of this 
number and tables were provided for facilitating the calculations of these estimates. 
If the dilution factor is a (usually taken as 10), the number of tubes used for the xth 
dilution s Xj and if <r n denote the standard error of the most probable number n 
then it was stated that — 



when S denotes summation over all the dilutions and E x stands for the value of 

l 

e n la x _ J for wllicil ta Mes were provided. This formula provides a direct estimate 

of the standard error in the estimation of the probable number and the purpose 
of this paper is to study, in the light of the above formula, the effects of the 

( 1129 ) 
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various factors which influence the error of determination of the most probable 
number. 

Obviously a direct* method of studying the efficiency of the dilution method 
will be to take samples containing known numbers of organisms and to carry out 
a large series of the usual dilution tests. Thus will be determined, for any known 
concentration, different values of the probable numbers and if such experiments 
are carried out, possibly an infinite number of times, under identical conditions, 
reliable information can be obtained about the error involved in this determination. 
Thus, the effect of such controllable factors as the number of tubes, number of 
organisms in the original supply, and the dilutions chosen for the test, can be 
studied. In actual practice, however, the method will not only be extremely 
laborious but beset with difficulties as regards talcing samples with known number 
of organisms and preserving constant conditions of the experiment. The same 
information can, on the other hand, be deduced, with a fair amount of reliability, 
from a careful study of the formula (1). 

The error of estimation of the probable number is a very vague term and in 
order to make it susceptible to numerical treatment it must therefore be clearly 
defined. For the purpose of the present study it appears reasonable to calculate 
error by expressing the standard error of the probable number as a percentage 
of the probable number. 

In terms of symbols — • 

The error of determination = ^ x 100 (2). 

n 

We may thus study how it can be possible for the test to give us an error less 
than a certain percentage of the probable number. It may, for instance, be of 
interest to know how the test may be planned so that the standard error may be 
only 10 per cent of the estimated probable number. Obviously the smaller this 
percentage the better will be the accuracy of the estimation and vice versa. This 
definition of error appears to be the simplest with which the present study may be 
undertaken. It may, however, be remarked that if a different definition is adopted 
the treatment in the discussion which follows will have to be suitably modified. 

The problem now reduces itself to the nature of variation exhibited 

by ~ x 100, which may be expressed by the relation — 

— ‘ (3). 

) 

It is clear from the above expression that the error of estimation depends upon 
the number of tubes s . the dilution factor a, the number of dilutions x and the 

probable number n. In other words error is related to all the relevant variables 
.but the. nature of this relation is not simple. Attempts were made to develop 
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most general mathematical formula to describe the independent as well as joint 
effects of these factors but complicated algebraic expressions were obtained. It 
was therefore thought desirable to study how the error would vary m those cases 
which frequently arise in practice. These cases have been studied in some detail. 

-When the dilution factor is 10, three dilutions, -yp > py- ’ - an( ^ 10 1 ’ 


Case 1.- 


are taken and equal numbers of tubes are selected for each dilution. 

In this case a = 10 ; x = 1, 2 and ?, and ^ = s g = = s (say). 

fc 

As a preliminary step the values of 



(say) 


( 4 ). 


were tabulated for selected values of n. This expression differs from (3) in that the 
symbol s for the number of tubes is left out. The values of (4) arc given in the 

third and the sixth columns of Table I which also shows the value of • It 


l 

may be remarked that measures the standard error to be attached to the 

estimated probable number when estimation has been carried out by taking one 
tube of each dilution. 


Columns (3) and (6) of Table I set out corresponding to different values of 
probable number, the error arising wdien only one tube of each dilution has been 
taken. These figures show that although the function tabulated exhibits varia- 
tions, these are, from a practical point of view, not of very material importance. 
The percentages being, except for very small values of n, all less than 150. 


In order to study the gain in accuracy by taking larger numbers of tubes the 
values of the error of estimation of the probable number (n) have been calculated 
for a few selected pairs of values of the probable number (n) and the number of 
tubes (s) and these are set out in Table II. 


Table II reveals that for the same number of tubes the error is, for practical 
purposes, of about the same order of magnitude over a very large range of Values 
of the probable number. With an increase in the probable number of organisms 
the error of estimation does not show a tendency either of systematic increase or 
decrease. An increase m the number of tubes, however/ produces a marked 
reduction m the error. Whereas, with one tube the error on the avmw Jlli 
of the order of 130, it drops to about 60 or less with five tubes, to 30 or less Vith 
20 tubes, and to less than 10 when the number of tube is as hmh as 200 Thi 
Graph has been prepared for a detailed study of only a few values of n If! 
curve drawn relates to a different value of n. It may be seen that +1 E ^ 
n _ 500 lies midway between those for n = 1 and n = 20 Tim V 16 f Urv ? for 
tion as already stated possesses no systematic variation ’with an bcre^fnThe 
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value of n. Tlie curves show that a marked fall occurs in the error of estima- 
tion with a rise in the number of tubes in the beginning but for much larger 
number of tubes the drop in error is, for practical purposes, not so important. 

Graph. 

Showing the reduction in error of estimation due to an increase in the number of 
tubes for three selected values of the probable number n. 



N e I 

N = 500 

N= ZO 


As mentioned previously, in some cases we may so like to arrange our test 
that an error larger than the one stipulated may not arise. For instance, before 
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starting the actual test we may decide on allowing for only 10 per cent error m 
our estimate. In a case like this it may be asked : how many tubes will it be 
necessary to inoculate against each dilution ? From an inspection of the formula 
(3) it may appear that without a knowledge of the probable number no answer 
may be possible. The answer does, to some extent, depend on the probable number 
itself but in the absence of its knowledge the experiment may be usefully planned 
as is shown below : — 


Error = 


100 x *(.1,1) 


where <r (n denotes the standard error of n when only one tube is used for each 

100 «■ ( n , 1 ) 100 

dilution. It is clear from Table I that for the present purpose n = 


may he considered to have the value of approximately 130. It is the approximate 
constancy of these values of o( nj i) which enables us to estimate s. 

i no 

The relationship (2) then reduces if self to = 10 (approximately) or 


s = 169. 


In other words we should start by taking about 170 tubes for each dilution. A 
more accurate result will be obtained by getting from preliminary trials a rough 

] 

idea of the probable number n, and then base the calculation on ny'jt" derived 
from values of n lying near this figure. 

Case 2. — When the dilutions taken are 1/2, 1/10, and 1/100, and an equal 
number of tubes are taken for each dilution. 


For this case the values of the function — 

1 



E n/10 , E n/100 
100 + 10000 



(say) 


( 5 ). 


have been calculated for several values of n and arc presented in Table III. 
This function measures as previously stated the standard error of n, when 
one tube is taken for each dilution. The values of error of estimation, viz., 

ioo^ . 

- — m each case are also shown in the third and the sixth columns of Table III. 


A comparison of these values of error of estimation for different values of n 
siows that by taking a different set of dilutions the error has comparatively 
increased for large values of n and decreased for small values. 


e values of the error of estimation ’ for a few selected pairs of values of 
- 8 are presented in Table IY. It may be seen, on comparison with Table II 
‘ « ie 7 a ue ® the * error of estimation ’ set out in this table are, especially for 
a ues of n, less than those observed in case I . This suggests that maximum 
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advantage gained from a chosen set of dilutions will depend on the concentration of 
organisms in the supply. This point is discussed in a later section in this paper. 

Case 3. — When the dilutions taken are 1/2, 1 /10, and 1/100, and the number 
of tubes taken are in the proportion 1:5:5. 

In this case the values of the functions — 




(say) 


(G). 


have been calculated for varying values of n and are presented in Table V. It 
may be remarked that this function is the measure of the standard error of n when 
for the dilution 1/2, 1/10, and 1/100 the number of tubes selected are 1, 5, and 5, 
respectively. The values of error are also shown in each case. 

The values given in Table V cannot be compared with those in Tables I and III 
because, whereas the values in Table Y relate to a total of eleven tubes in each test, 
the other two tables are based on a selection of three tubes only. In order to study 
the variations in the errors due to varying values of n and s Table VI is presented. 

Variation in dilutions . — We have so far considered each of the three cases 
separately and have limited the discussion in each case to a chosen set of dilutions. 
A study of the previous tables reveals that for the same pair of values of n and s 
the errors may show different values. A few comparisons are presented below. The 
values of error of estimation for the tw 7 o cases, 1 and 2, have been tabulated for a few 
values of n and s. Marked difference as well as similarity in the error of estimation 
may be noted. 


Comparison of the error of estimation. 


n. 

s. 

Error op estimation. 

j 

Case 1. 

Case 2. 

I 

2 

j 

1 

222*3 

142*80 

20 

20 j 

24-GO 

24*83 

500 

500 

6-00 

10*86 

1,000 

1,000 

4-13 

47*14 


The advantage gained in the reduction of error does not show a systematic 
variation from one set of dilutions to another. It is, therefore, of some interest 
to study how the error of estimation may be decreased by a deliberate selection 
of dilutions and by a proper choice of the number of tubes corresponding to each 
dilution taken for the test. 

In order to clarify ideas it may be stated that each dilution chosen for the 
test serves two distinct purposes : — 

(i) Aids in the estimation of the probable number of organisms. 

(ii) Increases the accuracy of estimation by reducing the standard error 
of the probable number. 
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It is of interest to be able to assess numerically tlie effect any particular 
dilution exerts in the reduction of error. For this purpose, we may calculate, 
wliat has been called, ‘ the weight of determination of a dilution \ The greater 
the weight of a dilution the more advantageous will it be in increasing the 
reliability of the estimate of probable number. In terms of the previous notation 
the weight can be measured by the formula : — 


E 

Weight of determination = — 


n/a^ 
‘ 2x 


a 


In designing experiments our object should be to choose only such dilutions 
as will provide us with the maximum weight of determination and should try and 
discard those dilutions which afford little or negligible help in increasing the 
reliability of our results. It will be clear from wliat follows that in particular 
cases, which can be determined from purely theoretical considerations, certain 
dilutions may be absolutely valueless. 

Two dilutions a = 2 and a = 10 have been discussed in detail. Table VII 
presents for a few selected values of n the weight for a series of dilutions 
when the dilution factor a = 2. 


If the dilution is expressed by 1 /2 it is usually assumed that x should take 

positive values such as 1, 2, 3, i.e., we choose fractional dilutions. 

Theoretically it will be of interest to see wliat results will be obtained if in place 
of fractional dilutions we take multiples of 100 c.c. in each tube. For instance 
we may ask : what weight of determination will a dilution have if instead of 100 
c.c. we took say 200 c.c. or 400 c.c. ? The idea has some theoretical basis to 
commend itself. Ta,ble VII shows that when in the original supply there is only 1 
organism per 100 c.c. a more efficient method will be to take in each tube as 
much as 200 c.c. of the sample. It may be mentioned that tests on three different 


2 

tubes containing 25 c.c., i.e., of 1/2 dilution each, will provide the same reliability 
as one tube of 200 c.c. It does not, however, follow that if higher multiples of 
100, say 400, 800 and so on, were taken greater reliability will be obtained. 
For higher multiples of 100 the weight rapidly decreases. Tube containing 

100 X 2 c.c. provides no useful information. If 100 c.c. tubes were taken the 
weight will be 0‘582, which shows only a small reduction from 0‘626. On 
increasing the dilutions an adverse effect on the weight is observed. A tube 

of 1/2 dilution again possesses a negligible value. 

When in the same table we consider the higher probable numbers it is seen 
lafc the wei S ht sllows a definite fall. There is a general shift of maximum weight 

s ° tliat f ” B = 1 ' 000 i£ at only 1 / 2 ’ dilution may 
3e c °nsidered to provide the maximum weight. ^ 

f r Tab h VI / T J ; elates to tlie Gase when the dilution factor is 10 and sets nut 

n aStt 0 /, tUbeS f0r ° f P r °bable number and stage d , tion 

tins case there appears to be no advantage gained by taking in any one tX 
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a larger volume than 100. For negative values of x the weights are small. This 
table also exhibits for increasing values of probable number a gradual shift of 
maximum weight towards higher dilutions. For instance, whereas for n = 1, 
x = 0 gives maximum weight, for n = 4 the maximum weight is obtained for 
x = 1, and so on. 

It is of interest to investigate the relative weights obtained for different values 
of n in the three cases of dilution combinations previously discussed and to compare 
those with the maximum weight which it may theoretically be possible to attain 
by choosing only those dilutions which are most effective. In case 3 the number 
of tubes used is 11 as compared with three tubes used for cases 1 and 2. For this 
reason the weights in Table IX have been calculated per tube and are therefore 
comparable. 

Table IX sets out for a few selected values of the probable number, the 
average weight of determination obtainable per tube for the three cases discussed 
previously. The maximum weight which would have been possible if proper 
dilution were selected is also shown. In the last three columns the weight actually 
obtained is expressed as a percentage of the maximum possible weight. A 
comparison of these three columns brings out important results. Case 2 has a 
marked superiority over cases 1 and 3 for small values of the probable number. 
For higher values of the probable number case 1 gives better results than case 2 
or 3. It may be mentioned that case 2 includes dilutions 1/2, 1/10, and 1/100, 
whereas case 1 includes the dilutions 1/10, 1/100, and 1/100. For lower values of 
probable number of organisms the 1 /2 dilution gives a marked superiority to 
case 2 while for higher values it is the 1/1,000 dilution which increases the 
efficiency of case 1. The main conclusion of practical importance which emerges 
from this study is that for those cases which usually arise in practice it will he 
advantageous to carry out a test by taking an equal number of tubes of 
1/2, 1/10, and 1/100 dilutions. The extent of efficiency to be obtained by 
increasing the number of tubes may be seen from Table IV. Standard tables 
showing the estimated probable numbers of organisms for any combination of 
positive and negative results are under preparation. 

Summary. 

Estimation of the probable number of organisms in a certain sample of water 
by the usual dilution test methods may give results which are unreliable. An 
investigation into the error involved in the determination has been carried out. 
The influence of the relevant factors has been studied in the case of the three 
most frequently adopted dilution tests. It has been shown that in practice 
it is advantageous to carry out a test by taking an equal number of tubes of 
1/2, 1/10, and 1/100 dilutions. 


Swakoop, S. (193S) 
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Table I. 


Values of 


100 

an <* 


for varying values of probable member n. 


Probable 

number 

n 



10 0 

VKj 


Probable 

number 

n 


1 

a/K 


1 


(1) 


(2) 


(3) 




<•0 


(• r >) 


100 

"l/Kj 


( 0 ) 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 
23 


24 

25 

26 
27 


3- 071 

4- 445 

5- 573 

6- 589 

7- 545 

8- 46S 

9- 372 
10-268 

11- 164 

12- 065 

12- 975 

13- 898 

14- 836 

15- 793 

16- 769 

17- 767 

18- 787 

19- 833 

20- 903 

21- 999 

23- 122 

24- 272 

25- 450 

26- 655 

27- 887 

29- 147 

30- 435 


307-10 

222-25 

185-77 

104-73 

150-90 

141-13 

133-S9 

12S-35 

124-04 

120-05 

117-95 

115-82 

114-12 

112-81 

111-79 

111-04 

110-51 

110-18 

110-02 

110-00 

110-10 

110-33 

110- 65 

111- 06 

111- 55 

112 - 10 
112-72 


2S 

29 

30 
40 
50 
GO 
70 
80 
90 

100 

120 

140 

160 

ISO 

200 

225 

250 

275 

300 

350 

400 

500 

GOO 

700 

800 

900 

1,000 



31*748 
33-080 
34 *•'140 
49-124 
G 1-350 
78*400 
90-098 
101-554 
1 1 1 -557 
121-19 
140-02 
159-322 
179-433 
200-506 
222-G71 
252-017 
283-2G0 
31G-407 
351-410 
42G-399 
500-442 
G71-172 
82G-221 
903-280 
108-929 
1,197-450 
1,305-795 


113- 31 

114- 09 
1 14-83 
122-81 
128*70 
130*68 
129-57 
120-94 
123-95 
121*13 
116*60 
113*80 

112- 15 
111*30 
111*34 
112-01 

113- 30 
115*06 
117*14 
121 -S3 
126*61- 
134*23 
137-70 
137-G1 
135-G2 
133*05 
130*58 
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Table II. 


Values of error of estimation, viz., 


X 100, for varying number of 


tubes and different values of probable number . 


Number of tubes. 


Probable 


number. 

1 

3 


10 

20 

t 

| 50 

100 

200 

500 

1,000 

1 

307*10 

177-30 


97-11 

68*67 

43-43 

30-71 

21-71 

13*73 

9*71 

2 

222*25 

128*32 

99*39 

70-28 

49-70 

31-43 

22*23 

15-70 

9*95 

7*00 

3 

185*77 

107-27 

83*08 

5S* 75 

41*54 

26-27 

18*57 

13*13 

8*30 

5*87 

5 

150*90 

87-12 

67*48 


33-74 

21-34 

15*10 

10*66 

6*74 

4*76 

10 

120-65 

69*66 

53-96 

38*15 

26*98 

17-06 

12*07 

8-53 

5*39 

3*81 

15 

111*79 

64*54 

49*99 

35*35 

25*00 

15-81 

11*18 

7*91 

5*00 

3 53 

20 

110*00 

63-51 

49-19 

34*78 

24*60 

15-56 

* 11*00 

7*78 

4*92 

3*48 

25 

111*55 

64*48 

49*94 

35*32 

24*97 

15-79 

11*17 

7-90 

4*99 

3*53 

30 

117*14 

67-63 

52*39 

37-04 

26*19 

16-56 

11*71 

8*18 

5-24 

3*70 

40 

122*81 

70-00 

54*92 

3S-84 

27-46 

17-37 

12-28 

8*68 

5*49 

3*88 

50 

128*70 

74-30 

57*56 

40-70 

28-78 

18-20 

12-87 

9*11 

5*75 

4*07 

60 

| 130*69 

75-45 

58-44 

| 41*32 

29*22 

18-48 

j 13-07 

f 9*24 

5*84 

' 4*13 

70 

129*57 

74-81 

57-95 

40*97 

28*97 

1S-32 

12*96 

9*16 

5*79 

4*09 

80 

126*94 

73-29 

56*77 

40*14 

28*38 

17-95 

12*69 

8*98 

5*67 

4*01 

90 

123*95 

71-56 

55*43 


27*72 

17-53 

12 39 

8*76 

5*54 

3*92 

100 

121*13 

69-93 

54*17 


27*09 

17-13 

12-11 

8*56 

5*41 

3*83 

120 

116*68 

67-37 

52*18 

36*90 

26*09 

16-50 

1167 

8-25 

5-22 

3*69 

140 

113*80 

65-70 



25*45 

16-09 

11*38 

8*05 

5*09 

3*60 

160 

112*15 

64-75 

50*16 

35*46 

25*08 

15-86 

11*21 

7*93 

5*01 

.3*54 

180 

111*39 

64-31 

49*82 

35-22 

24*91 

15-75 

11*14 

7*88 

4*98 

3*52 

200 

111*34 

64-28 

49-79 

35*21 

24*90 

15-74 

11*13 

7*87 

4*98 

3*52 

225 

112*01 

64-67 

50-09 

35*42 

25*05 

15-84 

11*20 

7*92 

5*01 j 

3*54 

250 

113*31 

65-41 

50*67 

35-83 

25*33 

16-02 

11*33 

8*01 

5*06 

3*58 

275 

115*06 

66-43 

i 

54-46 

36*39 

25*73 

16-27 

11*51 

8*13 

5*14 

3*64 
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Table II — concld. 


Probable 




NUMltEU 01* TUUKS. 





number. 

1 

3 

5 

10 

20 

50 

100 

200 

500 

1,000 

300 

114-83 

67*03 

52-39 

37*04 

26*10 

16*56 

1 11*71 

1 8*28 

I 5*24 

! 

3-70 

350 

121-83 

70*34 

54*18 

38*53 

27*24 

17*23 

12*18 

8-61 

5*45 

3*85 

400 

126-61 

73*10 

56-02 

40*01 

28*31 

17-00 

12*GG 

8*95 

5*66 

4*00 

500 

134-23 

77*50 

00-03 

42-45 

30-01 

18*98 

13*42 

9*49 

0*00 

4*24 

GOO 

137-70 

79*51 

01-58 

43-54 

30*79 

19*47 

13*77 

9*74 

6*16 

4*35 

700 

137-61 

79*45 

61-54 

43-52 

30*77 

19*4 G 

13*7G 

9*73 

6*15 

4*35 

800 

135-62 

78*30 

00-65 

42-89 

30*33 

19*1S 

13*56 

9*59 

0*00 

4*29 

900 

133-05 

7G*S2 

59-50 

42-07 

29*75 

, 1S*S1 

13*30 

9*42 

: 5*95 

4*20 

1 

1,000 

130-58 

75*39 

58-40 

41-29 

29*20 

18*40 

13*00 

9*23 

J 5*84 

4*13 

i 

i 


Table III. 


Values of and ^ == for varying values of probable number. 


Probable 

1 

100 

Probable 

1 

100 

number 

n 



number 

n 

V'.Kjj' 

i 

I 


(i) 

(2) 

(3) 

(4) 

(«) 

(0) 

1 

1-43 

142*80 

11 

12*00 

109-01 

2 

2*20 

113*05 

12 

13-23 

110-23 

3 

3*11 

103*53 

13 

14*37 

110-53 

4 

4*02 

100-48 

14 

15-49 

110-G0 

5 

5*0*2 

100-35 

15 1 

16-60 

110-67 

0 

0*10 

101-66 

10 

17-71 

110-06 

7 

7*25 

103-56 

17 

18-81 

110-06 

8 

8*44 

105-55 

18 

19-93 

110-71 

9 

9*00 

107-31 

19 

21-06 

110-83 

10 

10*87 

108-68 

20 

22-21 

111-03 



Pro bable 
number. 
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Table III— concld. 


Probable 

number 

n 

1 

100 

Probable 

number 

n 

1 

100 

vk'V 

u 

»v.k 2 ~ 

PKf 

”' /E T 

(i) 

(2) 

(3) 

(4) 

(5) 

(6) 

21 

23-37 

111*30 

120 

152*23 

120*86 

22 

24-57 

111*67 

140 

174*79 

124-S5 

23 

25-79 

112*13 

160 

198-85 

124*28 

24 

27-04 

112*67 

ISO 

224*72 

124*84 

25 

28-32 

113*26 

200 

252*77 

126*30 

2G 

29*62 

113*93 

225 

291-34 j 

129-48 

27 

30*96 

114*66 

250 

334*40 

133*76 

28 

32*32 

115*44 

275 

382*66 

130*15 

20 

33*72 

116*28 

300 

436*87 

145*62 

30 

35*14 

117*14 

350 

566*73 

161*02 

40 

50*64 

126*61 

400 

732*12 

183*03 

50 

67*12 

134*23 

500 

1,214*18 

242*84 

60 

S2-62 

137*71 

600 

2,006*06 

334*34 

70 

96*33 

137*61 

700 

3,309*61 

472*80 

SO 

108*50 

135*63 

800 

5,455*53 

681*04 

00 

110*75 

133*06 

900 

0,017*13 

1,001*90 * 

100 

130*58 

130*58 

1,000 

14,007*57 

1,400*76 


Table IV. 

Showing the error in estimation for various values of the probable 
number and the numbers of lubes employed. 


Number of tubes. 


1 

2 

n 

O 

5 

10 

15 


1 

1 

! 3 

i j 

5 

10 

20 

50 

100 

200 

500 

1,000 

142-80 

! 1 

| 82-45 

63*86 

45*16 

31*03 

20*19 

14*2S 

10*10 

6-39 

4*52 

113-05 

; 65*27 

50*56 ; 

35*75 

25*28 j 

15*90 

11*31 

7-99 

5*06 

3*57 

103-53 ; 

! 50*77 

46*30 

32*74 

23-15 

14*64 

10*35 

7*32 

4-63 

3*27 

100-35 

57*94 

44*88 

31*73 

22-44 

14*19 

10*04 

7*10 

4-49 

3*17 

10S-6S 

62*75 

i 4S*60 

34*37 

24-30 

| 15*37 

10*87 

7*68 

4-86 

3*44 

110-67 j 

! 63*00 

49*49 

i 35*00 

24-75 

15*65 

11*07 

7*83 

4-95 

3*50 



Prob able 
number. 
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Table Y. 


Values of and for varying values of probable number. 


n 

1 

100 

n 

1 

100 



a/K 3 

wiq 

a) 

(2) 

(3) 

(4) 

(5) 

(6) 

1 

1‘05 

104*80 

24 ! 

12*10 

50*40 

2 

1-59 

79*45 

25 

12*67 

50-07 

3 

2-08 

69*33 

26 

13*25 

50-96 

4 

2-50 

63*91 

27 

13*85 

51*29 

5 

3*03 

60*53 

28 

14*46 

51*63 

6 

3*49 

58*20 

29 

15*08 

52-00 

7 

3’95 

56*47 

30 

15*72 • 

52*38 

8 

4*41 

55-10 

40 

22-65 

56-62 

9 

4*86 

53*98 

50 

30-05 

60*10 

10 

5*30 

53*04 

60 

36*95 

61*58 

11 

5*75 

52*25 

70 

43*08 

61*54 

12 

6*19 

51*59 • 

. * SO 

48*52 

60*65 

13 

6*64 

51*04 - 

90 

53*55 

59*50 

14 

7*09 

50*61 

100 

58*40 

5S*40 

15 

7*54 

50*27 ' 

120 

68*07 

56*73 

16 

8*00 

50*02 

140 

i 78*16 

55*83 

17 

8*47 

49*85 

160 

88*91 

55*57 

18 

8*96 

49*75 

' 180 

100*50 

55*83 

19 

9*45 

49*73 

200 

113*04 

56*52 

20 

9*96 

49*82 

225 

130*29 

57*91 

21 

10*47 

49*85 

250 

149*55 

59*82 

22 

11*00 

50*00 

275 

171*13 

62*23 

23 

11*54 

50*18 

300 

195*37 

65*12 



number n 
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n 

1 

100 

n 

1 

100 

V'K, 



■VK., 

(i) 

(2) 

(3) 

(4) 

(5) 

(G) 

350 1 

253*44 

72*41 

700 

1,480*06 

211-44 

400 

327*41 

81*85 

800 

2,439*75 

304-97 

500 

542*97 

108*59 

900 

4,032*39 

448-04 

600 

897*12 

149*52 

1,000 

6,666*67 

6G6-G7 


Table YI. 

Showing the error in estimation for varying values of probable number 
and for a few multiples of such combinations of lubes as are in 
the proportion 1:5:5 for dilutions 1/2, 1/10, and 
1/100, respectively. 


Respective numbers of tubes chosen for the dilutions 1/2, 1/10, and 1/100. 


© 


P r o b a b 1 
number n 

1: 

5: 

5. 

3: 

15: 

15. 

5: 

.25: 

25. 

10: 

50 : 
50. 

20: 

100: 

100. 

50: 

250: 

250. 

■TRS 
■ ■ 
■ 

200: 
1,000 : 
1,000. 

500: 
2,500 : 
2,500. 

■ 




46*87 

33-14 

i 

23*43 

14*82 

10*48 

7*41 

4-69 

3*31 



45*87 

35*53 
* ! 

• 25-12 

17*77 

11*23 

7*95 

5*62 

3-55 

2*51 





21-92 


9*80 

6*93 



2*19 



34-95 


19-14 

13*53 

8*56 


4-28 

2-71 

1*91 

10 



23*72 

16-77 

11*86 

7*50 


3-75 

2-37 

1*68 

15 



22*48 


11*24 

7*11 


3-55 

2-25 

1*59 

20 

49*82 

28-77 

22*28 

15-75 

11*14 


i 

4-98 

3-52 

2-23 

1*57 

25 

50*67 

29-26 

22*66 

16-02 

11*33 

7-16 

1 

5-07 

3-58 

2-2G 

1*60 

J, MR ■ 

„ 



21 








number n 
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Table YI — concld. 
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Table VUE. 


Weight oj determination 


( - Vo* 
\ 10 2x 


) 


when the dilution factor a = 10. 


Probable number n. 




Dilution 

1 

2 

3 

4 

5 

6 

7 

8 

~2 

0*000000 



, • i 




.. 

-1 

0-004500 


• - 

! 



•• 

- 

0 

0*581977 

0*156518 

0-052396 

0*018657 

0*006784 

0-002485 j 

0*000913 

0*000336 . 

1 

0*095083 

0*045167 

0*028583 

0*020332 

0*015415 

0*012164 

0*009864 

0*008160 

2 

0*009950 

0*004950 

0*003284 

0*002450 

0*001950 

0*001617 

0*001379 

0*001201 

3 : 

0*001000 ; 

0*000500 

0*000333 

0*000250 

0*000200 

0*000166 

0*000142 

0*000125 

4 

0*000093 

0*000050 

0*000033 

0*000025 

0*000020 

0*000017 

0*000014 

0*000012 

5 

0*000010 

0*000005 

0*000003 

0*000003 

0*000002 

0*000002 

0*000001 

0*000001 

6 

0*000000 

•• 


•• 

•• 


i 

• * 



9 

10 

15 

20 

30 

50 

100 

500 

—2 


• • 

• • 

•• 

j 


• • 

•• 

0 

0*000123 

0-000045 

0*000000 

. . 

. • 

** 


** 

1 

0*006851 

0-005820 

| 

0*002872 

0*001565 

0-000524 

0-000068 


•• 

2 

0*001062 

0-000951 

0*000618 

0*000452 

0-000286 

0-000154 

0-000058 

o-oooooi 

i 

3 ! 

0*000111 

o-oooioo 

0*000066 

0-000050 

0-000033 

0-000020 

o-ooooio 

0-000002 

4 

0*000011 ! 

o-ooooio 

0*000007 

0*000005 

0-000003 

0-000002 

0-000001 

. * 

5 

0*000001 

o-oooooi 

- * ! 

* . 


• • 

* 4 

•• 

6 

• • 

•• 

•• 

•• 

1 


* * 

• * 
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Comparison of the weight of determination for three different cases of 
dilutions discussed in the text. 



WEIGHT OF DETERMINATION PER TUBE. 

Weight actually obtained 
expressed as a percentage 
of the maximum 
possible weight. 

Probable 

number. 

Case 1. 

Case 2. 

Case 3. 

Weight 

actually 

Maximum 

possible 

Weight 

actually 

Maximum 

possible 

Weight 

actually 

Maximum 

possible 

Caso 

1. 

Caso 

2. 

Case 

3. 


obtained. 

weight. 

obtained. 

weight. 

obtained. 

weight. 

1 

| 

0*035344 

0*581977 

0*103469 

0*626072 

0-044582 

0*626072 

6-07 

26*11 

7*12 

3 

0*010733 

0-05239G 

0-034557 

0*071804 

0-009424 

0*071804 

20-48 

48-13 

13*12 

5 

0-005855 

0*015415 

0*013240 1 

0*025097 

0-003611 

0*025097 

37*98 

52-76 

14-39 


0*002290 

0*005820 

0*002822 

0-006274 

0-000770 

0*006274 

39*35 

44-98 

1 

12*27 

15 i 

0-001185 

0-002872 

0*001209 

0*002872 

0-000330 

0-002872 

41*26 


11*49 

20 

0-000689 

0-0015G5 

0*000676 

0*001569 

0-000184 

0-001569 

44*03 

f 

' 43*08 

11*73 

30 

0-000281 

0-000524 

0*000270 

0*000707 

0-000074 

0-000707 

53*63 

38*19 

10*47 

50 

0-000081 

0-000154 

0*000074 

0*000154 

0-000020 

0-000154 

52*60 

48*05 

12*99 

100 

0-000023 

0-000058 

0*000019 

0*000045 

0-000005 

0-000045 

39*66 

42*22 

11*11 
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SIZE OF SAM P LE S NECESSARY FOR ESTABLISHING 
SIGNIFICANCE OF THE DIFFERENCE IN RESPONSES 
TO TWO DIFFERENT TREATMENTS. 


BY 


SATYA SWAROOP. 

(From the All-India Institute of Hygiene & Public Health, Calcutta.) 

[Received for publication, May 28, 1938.] 

In biological experiments the results obtained by two methods of treatment, 
such as the administration of two drugs A and B, to two groups of a given size of 
randomly selected animals are not always easy of interpretation. The question 
which has to be answered is whether the difference in the responses such as those 
observed could have arisen from pure chance or whether it could reasonably be 
attributed to the difference in the values of the drugs. The degree of the reliability 
of the difference will naturally vary and its significance can only be arbitrarily 
fixed. The statistician answers the question by stating that such a difference or. 
a difference greater than this could have arisen from pure chance only in 1 in 100 
or in 5 in 100, etc., cases. More briefly he states that the probability is 0 - 01 or 
O'Ob, etc. Obviously the smaller the probability the greater is the confidence 
which can be placed in the difference being due to difference in the actions of the 
drugs. It is for the experimentalist to decide at what level of significance he will 
consider his results reliable. "While non-significance of the results will make it 
unjustifiable to conclude that the two drugs are different in their action it is possible 
that this result may be obtained even when the drugs are really different because 
the number of animals experimented upon was insufficient. It is, therefore 
necessary to calculate the size of the samples which is required in order to have 
the assurance that the given responses are significantly different. 

_ It will be observed that the sufficiency of the number is determined on the 
basis of the knowledge of the two percentages. If these two percentages are very 
nearly equal we require a very large number of animals in each sample to establish 
the significance of the difference. The converse also holds good. As an example 
if we want to bring out significance of the difference between 28 per cent and 
32 per cent both the samples have to contain more than 1,000 animals On the 
other hand samples of size 70 will suffice to establish a significant difference 
between 28 per cent and 50 per cent. Unless, therefore, there is some indication 
of the magnitude of the difference from preliminary trials or on a priori grounds 
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it is not possible to calculate tbe size of tbe samples required to produce significant 
results. But in one particular case tbe problem shows itself- clearly. Drug A 
has been in use for reducing mortality from a particular disease for a long time. 
The hospital records give a figure for case mortality of say 30 per cent for this drug, 
which is based on a very large number of observations. Another drug B is dis- 
covered and it is claimed that this drug B reduces case mortality to 10 per cent. 
In such a case as this w'e know the two percentages in advance and can therefore 
calculate the number of animals on which the two drugs should be tried to test 
the claim satisfactorily. 

Methods for approximately calculating such numbers have been in use and 
the one most commonly used has been the so-called npq method. The value of 
n, i.e., the size of the sample which will give a significant difference between x per 
cent and y per cent on the 1 per cent probability level, can be calculated from the 
following formula — 


/ (X + y) (200 -x-y) 
v 2n 


For example, if 20 per cent and 10 per cent are to be compared x = 20, 
y = 10 and the value of n is given by — 



= 2-576, or n = 169. 


According to this method therefore the minimum number of animals in each 
random sample will be 169. It is by this method that Ross and Stott (1911) 
calculated their significance test tables. This method, however, is approximate 
and in many cases yields very erroneous results. This is because the test is based 
on certain theoretical assumptions which, as a rule, are not satisfied when the 
percentages compared are small or the size of samples on which percentages are 
based isjsmall. 

The tables now presented have been calculated on the basis of an exact formula 
which Fisher (1936) has given for the calculation of the exact value of probability 
from four-fold tables. If n is the size of the samples and a and b are the numbers 
producing the desired responses after the administration of drugs A and B 
respectively, then the information may be tabulated as follows : — 



Response 
noted. ! 

Response 
not noted. 

Total. 

Drug A . . 

a 

n— a 

n 

Drug B . . 

b 

n-b 

i 

n 


a 4- b 

2n— a— b 

2n 
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The probability P that this combination of a and b arose purely due to chance 
and not due to any difference between the two drugs is— 

P — (n!) 2 (a + 15)1 (2n - a - b) 1 
2 ii Tli ! b! (n — a)! (n — b) ! * 

In the same way we can calculate the probability of the occurrence of more 
divergent cases due to chance alone and by summing up all these values of P we 
can find the probability that a combination like a, b, or more unlikely combinations 
arose from errors of random sampling*. If this accumulated value of P is 0-01 or 
less the result is taken as significant, i.e., not likely to be due to chance. Some 
workers may prefer a less stringent level of 0'05. 

Por our purpose we have to solve the converse. The value of the summed up 
probability, in a case such as given above, being O'Ol what different values should 
n assume’ against various combinations of responses to the two drugs ? These 
numbers have been calculated for all combinations of percentages which are 
significantly different when the size does not exceed 100. A perusal of the tables 
will show "that only alternate percentages have been compared. Owing to 
laborious calculations involved it lias not been possible to extend these tables to 
higher sizes and remaining percentages^. 

The use of the tables may be illustrated by an example : It is known from 
previous experience that after the administration of drug A the case mortality 
from a particular disease is 60 per cent. It is claimed that a new drug B can reduce 
the mortality to 30 per cent. How many experimental animals are necessary 
for the test ? The table shows that, against the pair of values 30 per cent and 
60 per cent samples of 30 correspond to P = 0 '01850 and those of size 40 to P = 
0'00646. Therefore, at least 30 to 40 animals should be used in the test. 

It should, however, be noted that the difference in percentages when signi- 
ficant can be ascribed to the action of the drugs only when all other sources which 
might contribute towards it have been eliminated. This criterion is, as a rule 
difficult to satisfy and therefore, in arriving at a conclusion, due caution should be 
exercised. 
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Size of samples necessary to bring out significant difference between pairs of 
percentage responses to two methods of treatment. 


Comparison 
between, 
per cent. 

Higher value 
or N. 

Lower value 
of 1ST. 

Comparison 
between, 
per cent. 

Higher value 
of N . 

Lower value 
of N. 

i 

N. 

Correspond- 
ing prob- 
ability. 

! N. 

Correspond- 
ing prob- 
abib'ty. 

* 

N. 

Correspond- 
ing prob- 
ability. 

N. 

Correspond- 
ing prob- 
ability. 

0 

6 

110 

0*00708 

100 

1 i 

0*01447 

2 

30 

30 

0*00609 

20 

0-01010 

0 

8 

90 

0*00692 

80 

i 0*01418 

2 

32 

30 

0*00279 

20 

0*01010 

0 

10 

70 

0*00668 

60 

0*01371 

2 

34 

20 

0*00416 

10 

0*10520 

0 

12 

60 

0*00649 

50 

0-01333 







0 

14 

50 

0*00624 

40 

0*01277 

4 

16 

100 

0*00404 

90 

0*01153 

0 

16 

50 

i 

0-00289 

40 

0*01277 

4 

18 

60 

0*00794 

i 

50 

0*02550 

0 

18 

40 

0*00587 

30 

0*02609 

4 

20 

60 

0*00419 

50 

0*01387 

0 

20 

40 

0-00265 

30 

0*01186 

4 

| 22 

1 50 

i 

0*00734 

40 

0*02381 

0 

22 

30 

0*00527 

20 

0-05301 

4 

24 

! 50 

0*00379 

40 

0-01260 

0 

24 

30 

0-00527 

20 

0-02356 

4 

26 

i 50 

i 

0-00191 

40 

001260 

0 

26 

30 

0*00229 

20 

0-02356 

4 

; 28 

i 

40 

i 

0*00647 

! 

30 

0-01285 

0 

i 

28 

30 

0*00229 

i 

20 

0*01010 

4 

30 

30 

0*00609 

20 

0-04574 

0 

! 

30 

30 

0*00097 

| 20 

0*01010 

4 

32 

i 30 

i 

0-00279 

20 

0-04574 

0 

32 

30 

0*00040 

20 

0*01010 

4 

34 

30 

0-00279 

20 

0-02180 

0 

34 ! 

20 ! 

0*00416 

10 

0*10526 

4 

36 

1 

' 30 

0-00123 

! 

20 

0-02180 




i 

i 


4 

38 

20 

0-00983 

10 

0-04334 

2 

10 

110 

0*00938 ] 

100 1 

0*01652 




! 



2 

12 

90 

0*00899 

so 

0*01585 

6 

0 

110 

1 0-00708 

100 

0-01447 

2 

14 

70 

0*00442 

60 

0*01609 

6 

! 18 

! 

90 

0-00924 

| 80 

0-02415 

2 

16 

60 

0*00419 

50 1 

1 

0*01543 

6 

20 

80 

0-00877 

70 

0-01049 

2 

18 

50 

0*00783 

40 

0*02838 

6 

22 

70 

0-00598 

! 60 

0-01694 

2 

20 

50 

0*00389 

1 

40 ; 

0*01444 

6 

24 

60 

0-00973 

50 

0-01130 

2 

22 

40 

0*00716 : 

30 | 

0*02616 

6 

26 

50 

0-00611 

40 

0-01260 

2 

24 

40 

0*00346 

30 

0*02616 

6 

28 

40 

0-00647 

30 

0-03986 

2 

26 

40 

0*00346 

30 

0*01285 

6 

30 

40 

0-00322 

30 

0-02095 

2 

28 

40 

0*00163 | 

30 

0*01285 

6 

32 

40 

0-00156 

30 

0-01057 
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Size of samples necessary to briny out significant difference between pairs of 
percentage responses to two methods of treatment — contd. 


Compai 
betwe 
per ce 


Higher value 
of N, 

Lower value 
of N. 

rison - 
en, 

>nt. 

N. 

Correspond- 
ing prob- 
ability. 

, 

Correspond- 
ing prob- 
ability. 

6 

34 

40 

0*00073 

30 

0*01057 

6 

36 

30 

0-00512 

20 

0*02180 

6 

38 

20 

0*00983 

10 

0*15170 

8 

0 

90 

0*00692 

80 

0*01418 

8 

20 

110 

0*00947 

100 

0*01183 

8 

22 

80 

0-00680 

70 

0-02820 

8 

24 

80 

0*00400 

70 

0*01053 

S 

26 

60 

0*00742 

50 

0*01551 

S 

28 

50 

0*00870 

40 

0-01837 

8 

30 

40 

0-00988 

30 

0*02095 

8 

32 

40 

0*00514 

30 

i 0*01057 

8 

34 

40 

0-00259 

30 

0*01057 

8 

36 

30 

0-00512 

20 

0*06369 

8 

38 

30 

0-00512 

20 1 

0*03242 

8 

40 

30 

0-00238 

20 

0*03242 

8 

42 

30 

0-00106 

20 

0*03242 

8 

44 

30 

0-00106 

20 

0*01548 

8 

46 

30 

0-00045 

20 

0*01548 

8 

48 

20 

0-00691 

10 

0*07044 

10 

0 

70 

0-00668 

60 

0*01371 

10 

2 

110 

0-00938 

100 

0*01652 

10 

24 

90 

0-00842 

80 

0*01671 

10 

26 

SO 

0-00642 

70 

0*01297 

10 

28 

60 

i 

0-00951 

50 

0*01976 


Comparison 
between, 
per cent. 

Higher value 
of 1ST. 

Lower value 
of N. 

N. 

Correspond- 
ing prob- 
ability. 

N. 

Correspond- 
ing prob* 
ability. 

10 

30 

i 

60 

0*00550 

50 

0-01142 

10 

32 

50 

i 

0*00641 

40 

0-01343 

10 

34 

40 

0*00724 

30 

0-02873 

10 

36 

40 

0*00724 

30 

0-01517 

10 

38 

| 40 

0-00377 

30 

0-01517 

10 

40 

1 30 ' 

0-00767 

20 

0-03242 • 

10 

42 

30 

0-00370 

20 

0-03242 

10 

: 44 

i 

30 

0-00370 

20 

0-01548 

10 

, 46 

30 

0*00171 

20 

0-01548 

10 

48 

i 

20 

0-00691 

10 

0-07044 

12 

0 

60 

0-00649 

50 

0-01333 

i 

12 

2 

90 

0-00899 

80 

0-01585 

^ 12 

26 

100 

0-00916 

90 

0-01758 

12 

28 

70 

0-00952 

1 

60 

0-01926 

12 

30 

70 

0-00573 

60 

0-01166 

12 

32 

60 

0-00689 

50 

0-01417 

12 

34 

50 

0-00815 

40 

0-01695 

12 ! 

36 

50 

0-00456 

40 

0-01695 

12 1 

38 

40 

0-00939 

30 

0-03581 

12 

40 

40 

0-00502 

30 

0-01955 

12 

42 

40 

0-00259 

30 

0-01019 

12 

44 

40 

0-00129 

30 

0-01019 

12 

46 , 

30 

0-00506 

20 

0-01548 

12 

48 | 

J 

20 j 

0-00691 

- 

10 

, 

0-07044 
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Size of samples necessary to bring out significant difference between pairs of 
percentage responses to tivo methods of treatment — contd. 


Comparison 
between, 
per cent. 

Higher value 
or N. 

Lower value 

OF N. 

Comparison 
between, 
per cent. 

Higher value 
of N. 

Lower value 
oi- N. 

N. 

Correspond- 
ing prob- 
ability. 

N. 

Correspond- 
ing prob- 
ability. 

N, 

Correspond- 
ing prob- 
ability. 

N, 

Correspond- 
ing prob- 
ability. 

14 

0 

50 

0-00G24 

40 

0*01277 

16 

42 

40 

0*00627 

30 

0*02351 

14 

2 

70 

0-00442 

60 

0*01609 

16 

44 

40 

0*00330 

30 

0-02351 

14 

28 

110 

0*00617 

100 

0*01164 

16 

46 

40 

0*00330 

30 

0*01253 

14 

30 

90 

0-00953 

80 

0-01045 

16 

48 

40 

0*00167 

30 

0*01253 

14 

32 

SO 

0*00406 

70 

0*01294 

16 

50 

30 

0*00635 

20 

0*02037 

14 

34 

CO 

0*00831 

50 

0*01689 

16 

52 

30 

0-00305 

20 

0*02037 

14 

36 

50 

0*00991 

40 

0*03458 

16 

54 

20 

0-00935 

10 

0-17492 

14 

38 

50 

0*00565 

40 

0-02030 













18 

0 

40 

0-00587 

30 

002G09 

14 

40 

50 

0*00313 

40 

0*01150 













18 

2 

50 

0*00783 

40 

0*02838 

14 

42 

40 

0*00627 1 

30 

0*01019 


i 








i 



18 

4 

60 

0*00794 

50 

0-02550 

14 

44 

40 

0*00330 

30 

0*01019 

1 












18 

G 

90 

0-00924 

80 

0-02415 

14 

46 

30 

0*00506 

20 

0*04118 













18 

34 

90 

0*00849 

80 

0-01453 

14 

48 1 

30 

0*00506 

20 

0*02037 


i 

_ 










18 

36 

80 

0*00601 

70 

0-01789 

14 

50 

30 

0*00239 

20 

0*02037 













18 

38 

70 

0*00722 

60 

0-01253 

14 

52 

30 

0*00108 

20 

0*02037 








1 





18 

40 

60 

0*00765 

50 

0-01330 

14 

54 

20 

0*00935 

10 

0*07044 













18 

42 

50 

0*00781 

40 

0-01350 

16 

0 

i 

50 

0*00289 

40 

0*01277 

18 

44 

40 

0*00749 

30 

0-02351 

16 

2 

60 

0*00419 

50 

0*01543 

' 18 

46 

40 

0*00749 

30 

0-01253 

16 

4 

100 

0*00404 

90 

0*01153 

18 

48 

40 

0*00400 

30 

0-01253 

16 

32 

90 

0*00691 

80 

0*01317 

18 

50 

30 

0*00635 

20 

0-04792 

1G 

34 

70 

0*00921 

60 

0*02836 

18 

52 

30 

0*00305 

20 

0-04792 

16 

36 

70 

0*00567 

60 

0*01116 

18 

54 

30 

0*00305 

20 

0-02419 

16 

38 

GO 

0*00674 

50 

0*01164 

18 

56 

30 

0*00139 

20 

0-02419 

16 

40 

50 

0*00674 

40 

0*01150 

18 

58 

30 

0*00139 

20 

0-01124 
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Size of samples necessary to bring out significant difference between pairs of 
percentage responses to two methods of treatment contd. 




Higher value 

Lower value I 



Higher value 

Lower value 



or N. 


OF N. 

1 



or JN. 


or i\. 

Comparison - 






i 




be een, 
per cent. 

N. 

Correspond- 
ing prob- 

N. 

Correspond- 
ing prob- 

between, 
per cent. 

N. i 

Correspond- 
ing prob- 

N. 

Correspond- 
ing prob- 



ability. 


ability. 




ability. 


ability. 

18 

60 

30 

0*00060 

20 

0*01124 

22 

0 

30 

0-00527 

20 

0*05301 

18 

62 

30 

0-00024 

20 

0*01124 

22 

1 2 

40 

0*00716 

30 

0*02616 

18 

64 

20 

0*00477 

10 

0*08491 

22 

4 

50 

0*00734 

40 

0*02381 







22 

6 ' 

70 

0*00598 

60 

0*01694 

20 

0 

40 

0*00265 

30 

0*01186 

22 

8 

80 

0*00680 

70 

0*02820 

20 

2 

50 

0*00389 

40 

0*01444 

22 

38 

110 

0*00604 

100 

0*01012 

20 

4 

60 

0*00419 

50 

0*01387 

22 

40 

90 

0*00767 

80 

0-01305 

20 

6 

80 

0*00877 

70 

0*01049 

22 

42 

1 

70 

0-00871 

60 

0*01309 

20 

S 

110 

0-00947 

100 

0*01183 

22 

44 

60 

0*00938 

50 

0*01633 

20 

36 

100 

0-00886 

90 

0*01498 

22 

46 

50 

0-0097S 

40 

0*02878 

20 

38 

90 

0-00661 

80 

0-01130 

22 

48 

50 

0-00367 

40 

0-01699 

20 

40 

70 

0*00798 

60 

0-01385 

22 1 

50 

40 

0-00964 

30 

0-02980 

20 

42 

60 ! 

0*00853 

50 

0-01487 

22 

52 

40 

0-00525 

30 

0-01630 

20 

44 

50 

0*00883 

40 

0-01534 

22 

54 

40 

0-00274 

30 

0-01630 

20 

46 

50 

0*00508 

40 

0-01534 

22 

56 

30 

0-00843 

20 

0-02419 

20 

48 

40 

0*00862 

30 

0-02695 

22 

5S 

30 

0-00843 

20 

0-01124 

20 

50 

40 

0*00466 

30 

0-01459 

22 

60 

30 

0-00411 

20 

0-01124 

20 

52 

30 

0*00749 

20 

0-04792 

22 

62 

30 

0-00188 

20 

0-01124 

20 

54 

30 

0*00749 

20 

0-02419 

22 

64 

20 

0-00477 

10 

0-08491 

20 

56 

30 

0*00364 

20 

0-02419 





i 


20 

58 

30 

0*00364 

20 

0-01124 

24 

0 

30 

0-00527 

20 

0-02356 

20 

60 

30 

0*00166 

20 

0-01124 

24 

2 

40 

0-00346 

30 

0-02016 

20 

20 

62 

64 

30 

20 

0*00072 

0*00477 

20 

10 

0-01124 

0-08491 

24 

24 

4 

6 

50 

60 

0-00379 

0-00973 

40 

50 

0-01260 

0-01130 
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Size of samples necessary to bring out, significant difference between pairs of 
percentage responses to two methods of treatment — contd. 


Comparison 
between, 
per cent. 

Higher value 
of N. 

Lower value 
of K 

Comparison 
between, 
per cent. 

Higher value 
of N. 



Lower value 
of N. 

N. 

Correspond- 
ing prob- 
ability. 

N. 

Correspond- 
ing prob- 
ability. 

•N. 

Correspond- 
ing prob- 
ability. 

N. 

Correspond- 
ing prob- 
ability. 

i 

24 

8 

80 

0*00400 

70 

0*01053 

26 

48 

70 

0*00420 

60 

0*01157 

24 

10 

90 

0*00842 

80 

0*01671 

26 

50 

60 

0-00712 

50 

0-01142 

24 

42 

80 

0*00914 

70 

0*02360 

26 

52 

50 

0*00670 

40 

0-01051 

24 

44 

80 

0*00590 

70 

0*01008 

26 

54 

40 

0-00575 

30 

0*03204 

24 

46 

GO 

0*00620 

50 

0*01765 

26 

56 

40 

• 0-00575 

30 

0*01761 

24 

48 

60 

0-00367 

50 

0*01065 

26 

58 

40 

0*00301 

30 

0*01701 

24 

50 

i 

50 

0*00622 

40 

0*01842 

26 

60 

30 

0*00912 

20 

. 0*02678 

24 I 

52 

50 

0*00351 ! 

40 

0*01051 

26 

62 

30 

0*00443 

20 

0*02678 

24 

54 

40 

0-00575 

30 

0*01630 

26 

64 

30 

0*00443 

20 

0*01242 

24 

j 

r»6 

! 30 

0-00843 

20 

0-05267 

26 

66 

30 

0*00201 

20 

0*01242 

24 

58 ! 

30 

0-00843 

20 

0*02678 

26 

68 

20 

0*00519 

10 

0*08945 

24 

60 

30 

0-00411 

20 

0*02678 













28 

0 

30 

0*00229 

20 

0*01010 

24 

62 

30 

0-00188 

20 

0*02678 













28 

2 

40 

0*00163 

30 

0-01285 

24 

64 

30 

0-00188 

20 

0*01242 













j 28 

4 

40 

0*00647 

30 

0-01285 

24 

66 1 

30 

0-00080 

20 

0*01242 













! 28 

6 

40 

0*00647 

30 

0-03980 

24 

j 68 

20 

0-00510 

10 

0*03489 








1 

| 





28 

8 

50 

0*00870 

1 40 

0-01837 

2G 

! o 

| I 

30 

0-00229 

20 

0*02356 

28 

10 

60 

0*00951 

50 

0-01970 

2G 

2 

40 

0-00346 

30 

0*01285 

28 

12 

70 

0*00952 

60 

0-01920 

20 

4 

50 

0-00191 

40 

0*01260 

28 

14 

110 

0*00617 

100 

0-01104 

: 

2G 

C 

50 

0-00611 

40 

0*01260 

28 

46 

100 

0*00627 

90 

o-oiooo 

26 

8 

60 

0-00742 

50 

0*01551 

28 

48 

80 

0*00699 

70 

0-01179 

26 

10 

80 

0-00642 

70 

0*01297 

28 

50 

70 

0*00753 

GO 

0-01217 

26 

! 12 

100 

0-00916 

90 

0*01758 

28 

52 

60 

0*00751 

50 

0-01209 

26 

44 

90 

0-00606 

80 

0*01537 

28 

54 

50 

0*00711 

40 

0-01124 

26 

i 46 

SO 

0-00665 

70 

0*01070 

28 

56 

50 

0*00404 

40 j 

0-01124 
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Size of sam])les necessary to briny out significant difference between pairs oj 
percentage responses to two methods of treatment — contd. 




Higher value 
or N. 

Lower value 
or N. 



Higher value 
or N. 

Lower value 
or N. 

Comparison - 
between, 
per cent. 

N. 

Correspond- 
ing prob- 
ability. 

i 

N. 

i 

Correspond- 
ing prob- 
ability. 

1 between, 
per rent. 

N. 

Correspond- 
ing prob- 
ability. 

N. 

Correspond- 
ing prob- 
ability. 

28 

58 

40 

0*00616 

30 I 

0*01761 

i 

30 | 

64 ! 

30 

f 

j 0*00955 

20 

0*02808 

28 

60 

30 

0*00912 

20 

0*05548 

30 

i 

66 

30 

0*00460 

1 20 

0*02808 

28 

62 

30 

0*00443 

20 

0*05548 

30 

68 i 

30 

0-00160 

20 

0*01282 

28 

64 

30 

0*00443 

20 

0*02808 

30 

70 ' 

1 

30 

j 0-00206 

! 20 

0*01282 

28 

66 

30 

0*00201 

20 1 

» 

0-02808 

30 

i 

72 

30 

| 0*00085 

' 20 

0*01282 

28 

68 

30 

0*00201 

20 , 

0-01282 

; » , 

74 

1 20 

0*00519 

1 lo 

0*089-15 

28 

28 

28 

TO 

72 

74 

30 

30 

20 

0*00085 

0*00033 

0*00519 

20 

20 

10 

f 

0*01282 

0*01282 

0*08945 

1 

32 

32 

32 

t 

0 

2 ! 
4 | 

|.i 

| 80 

t 

! 30 

| 

1 

, o-oooio 

0-00279 

0-00279 

1 

20 ! 
! 20 ! 
| 20 1 

I 

i 

I 0-01010 

o-oioio 

0-04574 

30 

0 

30 

0-00097 

20 

0*01010 

32 

G 

40 

0-00156 

i 30 

0*01057 

30 

2 ] 

30 

0-00609 

20 

0*01010 

32 

8 

1 

1 40 

| 0-00514 

! 30 

| 0-01057 

30 

4 

30 

i 

0-00609 

20 

0"04574 

32 

10 

1 50 

| 

| 0-00641 

! i 

j 40 j 

j 0-01343 

30 

6 

40 ! 

0-00322 

30 

i 

0-02095 

32 

12 

60 1 

| 

1 0-00689 

j 

I 50 ! 

0-01417 

30 

8 

40 

0-00988 

30 

0-02095 

32 

14 

80 ! 

0-00406 

70 

1 0-01294 

30 

10 

60 

0-00550 1 

50 ' 

0-01142 

32 

16 

90 

0-00691 

80 

0-01317 

30 

12 

70 

0-00573 

60 

0-01166 

32 

50 

100 | 

0-00715 

90 

0-01139 

30 

30 

30 

30 

30 

30 

30 

30 

30 

14 

48 

50 

52 

54 

56 

58 

60 

62 

90 

100 

80 

70 

60 

50 

50 

40 

30 

0-00953 

0-00674 

0-00759 

0-00784 

0-00784 

0-00745 

0-00424 

0-00646 

0-00955 

j 

80 

90 

70 

60 

50 

40 

40 

30 

20 

0-01045 

0-01076 

0-01226 

0-01269 

0-01265 

0-02054 

0-01179 

0-01850 

0-05548 

32 

32 

32 

32 1 

32 

32 

32 

32 

32 

52 

54 

56 

58 

60 

62 | 

64 

66 

68 

80 

70 

60 

50 

50 

40 

40 

30 

30 

0-00808 ' 

I 0-00507 

1 

0-00488 

0-00771 

0-00437 

0-00664 

0-00345 

0-00969 

70 

60 

50 

40 

40 

30 

30 

20 

90 

0-01266 

0-01312 

0-01309 

0-02121 

0-01216 

0-01894 

0-01894 

0-02808 

0-01282 







u uuyoy 
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Size of samples necessary to bring out significant difference between pairs of 
percentage responses to tivo methods of treaim cni—ccrntd. 


Comparison 
between, 
per cent. 

Higher value 
of 1ST. 

Lower value 
of N. 

Comparison 
between, 
per cent. 

Higher value 
j OF N. 

Lower vat.uk 

j OF N. 

N. 

Correspond- 
ing prob- 
ability. 

N. 

Correspond- 
ing prob- 
ability. 

N. 

Correspond- 
ing prob- 
ability. 

N. 

Correspond- 
ing prob- 
ability. 

32 

70 

30 

0*00460 

20 

0*01282 

34 

76 

30 

0-00080 

20 

0*01242 

32 

72 

30 

0*00201 

20 

0*01282 

34 

78 

20 

0-00477 

10 

0-034S9 

32 

74 

20 

0-00519 

10 

0*08945 

34 

80 

20 

0-00477 

10 

0*03489 

32 

70 

20 

0-00519 

10 

0*03489 

36 

4 

30 

0*00123 

20 

0*02180 

34 

0 

20* 

0-00416 

10 

0-10526 

36 

6 

30 

0*00512 

20 

0-021SO 

34 

2 

20 

0*00416 

10 

0-10526 

36 

8 

30 

0*00512 

20 

0*06369 

34 

4 

30 

0*00279 

20 

0-02180 

36 

10 

40 

0*00724 

30 

0*01517 

34 

0 

40 

0-00073 

30 

0-01057 

36 

12 

50 

0*00456 

40 

0*01005 

34 

8 

40 

0*00259 

30 

0*01057 

36 

14 

50 

0*00991 

40 

0*03458 

34 

10 

40 

0*00724 

30 

0-02873 

36 

16 

70 

0*00567 

60 

0*01116 

34 

12 

50 

0*00815 

40 

0*01695 

36 

18 

80 

0*00601 

70 

0*01780 

34 

14 

60 

0*00831 

50 

0-01689 

36 

20 

100 

0-00886 

90 

0-01498 

34 

16 

! 70 1 

j i 

0*00921 

! 60 

0-02836 

36 

54 

’ 90 

0-00814 

80 

0-01925 

34 

52 

! loo | 

0*00748 

90 

0-01180 

36 

56 

80 

0-00856 

70 

0-01353 

34 

j 

54 

i 80 j 

0*00827 

70 

0-01330 

36 

58 

70 

0-00542 

60 

0-01392 


56 

CO 

0*00834 

50 

0-02193 

36 

60 

60 

0-00860 

50 

0-01359 

34 ! 

i 

i 5S 

60 

0*00501 

50 

0-01340 

36 

62 

50 

0*00797 

40 

0-01235 

34 ! 

j 

| GO 

50 

0*00789 

40 

0-02162 

36 

64 

40 

0-00670 

30 

0-03493 

34 

; 62 

50 

0*00446 

40 

0-01235 

36 

66 

40 

0-00670 

30 

0-01894 

34 

i 

04 

40 

0*00670 

30 

0-01894 

36 

68 

40 

0-00345 

30 

0-01894 

34 i 

66 , 

! 

30 

0*00969 

20 

0-05642 

36 

70 

30 

0-00955 

20 

.0-02808 

34 

6S 

30 

0*00969 

20 

0-02808 

36 

72 

30 

0-00443 

20 

0-02808 

34 

70 

30 

0*00400 

20 

0-02808 

36 

74 

30 

0-004 43 

20 

0-01242 

34 

72 

30 

0*00201 

20 

0-02808 

36 

76 

30 

0-00188 

20 

0-01242 

34 

74 

30 

0*00201 

20 

0-0X242 

36 

78 

20 

0-00477 

1 

10 

0*08491 
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Size of samples necessary to bring out significant difference between pairs of 
percentage responses to two methods of treatment — contd. 




Higher value 
ok N. 

Lower value 
ok N. 



Higher value 

OK N. 

Lower value 
of N. 








i n 

. • 





uompiuisuu - 

between, 
per cent. 

N. 

Correspond- 
ing prob- 
ability. 

N. 

Correspond- 
ing prob- 
ability. 

VAJUljJitllBUIl 

between, 
per cent. 

N. 

Correspond- 
ing prob- 
ability. 

N. 

Correspond" 
ing prob- 
ability. 

36 

80 

20 

0-00477 

10 

0*08491 

! 38 

78 

30 

0*00188 

20 

0*01124 

36 

82 

20 

0-00477 

10 

0*08491 

38 

i 80 

30 

0*00072 

20 

0*01124 

36 

84 

20 . 

0*00153 

10 

0*08491 

38 

82 i 

30 

0*00024 

20 

0*01124 

36 

86 

20 

0*00153 

10 

0*02864 

38 

84 

20 

0*00396 

10 

0*08490 

38 

4 

20 

0*00983 

10 

0*04334 

38 

86 

20 

0-00396 

10 

0*02864 

38 

G 

20 

0*00983 

10 

0*15170 

38 

88 

20 

0*00110 

10 

0*02864 

38 

8 

30 

0*00512 

20 

0*03242 

38 

90 

20 

0-00110 

10 

0-02861 

38 

10 

40 

0*00377 

30 

0*01517 

38 

92 ! 

20 

0*00110 

10 

0-02S6-1 

38 

12 

40 

0*00939 

30 

0*03581 

40 

8 

30 

0*00238 

20 

0*03242 

38 

14 ! 

50 

0-00565 

! 

40 

0*02030 

40 

10 

30 

0*00767 

20 

0*03242 

38 

16 

60 

0-00074 

50 

0-01164 

l 

40 

12 

40 

0*00502 

30 

0*01955 

38 

18 ' 

70 

0-00722 

50 

0*01253 

40 

14 

50 

0-00313 

40 

0-01150 

38 

20 

90 

0-00661 

80 

0*01130 

40 

16 

50 

0-00674 

40 

0-01150 

38 

22 

110 

0-00604 

100 

0*01012 

40 

18 

60 

0-00765 

50 

0-01330 

38 

56 

100 ! 

0-00790 

90 

0*01237 

40 

20 

i 70 

0-00798 

1 

60 

0-01385 

38 

58 

80 

0-00864 

70 

0*01379 

40 

22 

90 

0-00767 

80 

0-01305 

38 

60 

70 

0-00882 

60 ' 

0*01401 

40 

58 

1 

100 

0-00799 

90 

0-01252 

38 

38 

38 

38 

3S 

38 

3S 

3S 

62 

60 

0-00863 

50 

0*01366 

40 

60 

80 

0-00872 

: 70 

0-01382 

64 

GG 

GS 

70 

72 

74 

76 

J 

50 

50 

40 

30 

30 

30 

30 

> MR 

0-00797 

0-00446 

0-00664 

0-00955 

0-00443 

0-00443 

0-0018S 

40 

40 

30 

20 

20 

20 

20 

0*01235 

0*01235 

0*01894 

0*05548 

0*05548 1 

0*02678 

0*02678 

40 

40 

1 

40 

40 ' 

40 

40 

40 

62 

64 

66 

68 

70 

72 

74 

70 

60 

50 

50 

40 

30 

| 30 

0-00882 

0-00860 

0-00789 

0-00437 

0-00646 

0-00912 

0-00912 

60 

50 

40 

40 

30 

20 • 

20 

0-01401 

0-01359 

0-02162 

0-01216 

0-01850 

0-05548 

0-02678 


22 


1160 Exact Significance of Responses under Two Treatments. 


Size of samples necessary to bring out significant difference between pairs of 
percentage responses to two methods of treatment — contd. 


Comparison 
between, 
per cent. 

Higher value 
of N. 

Lower value 

OF N* 

- 

- Pnnv 

parison 

ween, 

cent. 

Higher value 
of H. 

Lower value 
of S. 

N. 

| Correspond- 
| ing prob- 
| ability* 

N. 

Correspond- 
ing prob- 
ability. 

bet 

per 

N. 

Correspond- 
ing prob- 
ability. 

N. 

Correspond' 
ing prob- 
ability. 

40 

76 

80 

0*00411 

20 

0-02678 

42 

74 

40 

0*00301 

30 

0*01761 

40 

78 

30 

0*00411 

20 

0*01124 

42 

76 

30 

0*00843 

20 

0*02078 

40 

80 

30 

0-00166 

20 

0*01124 

42 

78 

30 

0-00843 

20 

0*01124 

40 

82 

30 

0*00060 

20 

0*01124 

42 

80 

30 

0-00364 

20 

0*01124 

40 

S4 

20 

0-00396 

10 

0*08490 

42 

82 

30 

0-00139 

20 

0*01324 

40 

86 

20 

0-00396 

10 

0*02864 













44 

8 

30 

0*00106 

20 

0-01548 

40 

88 

20 

*0-00110 

10 

0-02804 













44 

10 

30 

0-00370 

20 

0*01548 

40 

90 

20 

0-00110 

10 

0*02864 













44 

12 

40 

0*00129 

30 

0*01019 

4C 

92 

20 

0-00110 

10 

0*02864 

\ 












44 

14 

40 

0*00330 

30 

0*01019 

42 

8 

30 

0-00106 

20 

0*03242 

44 

16 

40 

0*00330 

30 

0*02351 

42 ; 

10 

30 

0-00370 

20 

0*03242 

44 

18 

40 

0*00749 

30 

0*02351 

42 

12 

40 

0-00259 

30 

0*01019 

44 

20 

50 

0*00883 

40 

0-01534 

42 

14 

40 

0*00627 

30 

0*01019 

44 

22 

60 

0*00938 

50 

0-01033 

42 

16 

40 

0*00627 

30 

0*02351 

44 

24 

80 

0*00590 

70 

0-01008 

42 

IS 

50 

0-007S1 

40 

0-01350 

44 

26 

90 

0*00606 

80 

0-01537 

42 

20 

GO 

0*00853 

50 

0*01487 

44 

62 

100 

0*00790 

90 

0-01237 

42 

22 

70 

0-00871 

60 

0*01509 

44 

64 

80 

0*00856 

70 

0-01353 

42 

24 

80 

0*00914 

70 

0-02360 

44 

66 

60 

0*00834 

50 

0-02193 

42 

60 

100 

0*00799 

90 

0*01252 

44 

68 

60 

0*00488 

50 

0-01309 

42 

62 

80 

0*00864 

70 

0-01379 

44 

70 

50 

0*00745 

40 

0-02054 

42 

64 

70 

0-00542 

60 

0*01392 

44 

72 

50 

0*00404 

40 

0-01124 

42 

66 

60 

0*00501 

50 

0-01340 

44 

74 

40 

0*00575 

30 

0-01701 

} 

42 

08 

50 j 

0-00771 

40 

0*02121 

44 

76 

30 

0-00843 

20 

0-05207 

42 

70 

i 

50 

0*00424 

40 

0*01179 

44 

78 

30 

0-00843 

20 

0-02419 

42 

72 

40 

0*00616 

30 

0*01761 

44 

80 

30 

0-00364 

20 

0-02419 
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Size of samples necessary io bring out significant difference between pairs of 
percentage responses to two methods of treatment — contd. 




Higher value 
or N. 

Lower value 
of N. 

... 


Higher value 
of N. 

Lower value 
of N, 

VjQmpansun - 

between, 
per cent. 

N. 

Correspond- 
ing prob- 
ability. 

"l 

1 

N. 1 

i 

\ 

Correspond- 
ing prob- 
ability. 

vimipausuu 

between, 
per cent. 

N. 

1 

Correspond- 
ing prob- 
ability. 

N. 

Correspond- 
ing prob- 
ability. 

44 

82 

30 

0-00139 

20 

0-02419 

46 

84 

20 

i 

0-00935 

10 

0*17492 

44 

84 

20 

0*00935 

10 

0*08491 

46 

86 

1 20 

0-00935 

10 

0-07044 

44 

86 

20 

0-00935 

10 

0-02864 

4S 

8 

20 

0-00691 

10 

0-07044 

46 

8 

30 

0-00045 

20 

0-01548 

48 

10 

20 

0-00691 

10 

0-07044 

46 

10 

30 

0-00171 

20 

0-01548 

4S 

12 

20 

i 

0-00691 

10 

0-07044 

46 

12 

30 

0-00506 

20 

0-01548 

48 

14 

30 

0-00506 

20 

0-02037 

46 

14 

30 

0-00506 

20 

0-04118 

48 

16 

40 

0*00167 

30 

0-01253 

46 

16 

40 

0-00330 

30 

0*01253 

48 

18 

, 40 

0-00400 

30 

0-01253 

46 

18 

40 

0-00749 

30 

0-01253 

48 

20 

40 

0-00862 

30 

0-02695 

46 

20 

50 

0-00508 

40 

0*01534 

48 

22 

j 50 

0-00567 

40 

0*01699 

46 

22 

50 

1 

0-00978 

40 

0-02878 

48 

24 

GO 

0-00367 

50 

0-01065 

46 

24 

60 

0*00620 

50 

0-01765 

48 

26 

70 

0-00420 

60 

0-01157 

46 

26 1 

80 

0*00665 

70 

0*01070 

48 

28 

i 80 

0-00699 

70 

0-01179 

46 

28 

100 

0*00627 

90 

0*01000 

48 

, 30 

100 

0-00674 

90 

0-01076 

46 

64 

90 1 

0-00814 

80 

0-01925 

48 

66 

100 

0-00748 

90 

0-01189 

46 

66 

80 | 

0-00827 

70 

0*01330 

48 

68 

80 

0-00808 

70 

0-01266 

46 

68 

70 

0-00507 

60 ! 

0-01312 

48 

70 1 

70 

0-00784 

60 

0-01269 

46 

70 

GO 

0*00784 

50 

0*01265 

48 

72 * 

60 

0-00751 

50 

0-01209 

46 

72 

50 

0-00711 

40 

0*01124 

48 

74 

50 

0-00669 

: 40 

0-01051 

46 

46 

46 

40 

46 

74 

76 

78 

80 

82 

40 

40 

40 

30 

30 

0*00575 

0-00575 

0*00274 

0-00749 

0-00305 

30 

30 

30 

20 

20 

0*03204 

0-01630 

0-01630 

0*02419 

0*02419 

48 

48 

48 

48 

48 

76 

78 

80 

82 

84 

50 

40 

30 

30 

30 j 

0-00351 

0-00525 

0-00749 

0-00305 

0-00305 

40 

30 

20 

20 

20 

0-01051 

0-01630 

0-04792 

0-04792 

0-02037 
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Size of samples necessary to bring out significant difference between pairs of 
percentage responses to two methods of treatment — contd. 


Comparison 
between, 
per cent. 

Higher value 
or X. 

Lower value 
of N. 

Comparison 
between, 
per cent. 

Higher value 
of X. 

Lower valve 
or N. 

N, 

i Correspond- 
ing prob- 
ability. 

N. 

Correspond- 
ing prob- 
ability, 
t 

Is. 

| Correspond- 
i ing prob* 
i ability. 

1 

X . 

t Correspond* 

- ing prob* 
j ability. 

48 

l 8G 

t 

30 

0-00108 

20 

0-02037 

52 

92 

20 

0*00691 

10 

0*07014 

48 

1 88 

! 

20 

0*00691 

10 

0*07044 

52 

90 

20 

0*00091 

10 

0*07014 







52 

88 

20 

0-00691 

10 

0*07044 

50 

! w 

30 

0*00239 

20 

J 0-02037 

52 

86 

30 

0*00506 

20 

0-02037 

50 

j 16 

30 ! 

0-00635 

20 

J 0*02037 

52 

84 

40 

0-00167 

30 

0-01253 

50 

18 

30 

0-00635 

20 

j 0-04792 

52 

82 

40 

0-00400 

30 

O'OCT 

50 

20 

40 

0*00466 ' 

30 

0*01459 

52 

80 

40 

0*00862 

30 

0*02695 

50 

22 

1 

40 ! 

0-00964 

30 

0*02980 

52 

78 

50 

0-00567 

40 

0-01699 

50 

24 

50 1 

0*00022 

40 

0*01842 

52 

76 

GO 

0*00367 

50 

0-01005 

50 

26 

GO 

0-00712 

50 

0*01142 

52 

74 

70 

0*00420 

60 

0*01157 

50 

28 ' 

70 1 

0*00753 1 

60 

0-01217 

52 

72 

80 

0-00699 

70 

0-01179 

50 

30 

80 ! 

0-00759 

70 

0*01226 

52 

70 j 

100 

0-00074 

90 

0-01076 

50 

32 

100 

0*00715 

90 

0*01139 

52 

34 

100 

0-00748 

90 

0-01189 

50 

GS 

100 

0*00715 ! 

90 

0*01139 

52 

32 

80 

0-00808 

70 

0-01266 

50 

i 

70 

80 

0*00759 

70 1 

1 

0*01226 

52 

j 30 

70 

0-00784 

GO 

0-01269 

50 

72 

70 

0*00753 

; 60 

i 

0*01217 

52 

28 

60 

0-00751 

50 

0-01209 

50 

. 74 

60 1 

0*00712 

50 ! 

0*01142 

52 

26 

50 

0-00670 

40 

0-01051 

50 

, 76 

50 " 1 

0*00622 

40 

[ 

0*01842 

52 

24 

50 

0-00351 

40 

j 0-01051 

50 

7S 

40 ! 

0*00964 

30 

! 0*02880 

i 52 

22 

40 

0-00525 

30 

0-01630 

50 

1 80 

i 

40 

0*00466 

30 

! 0*01459 

52 

20 

30 

0-00749 

20 

0-01792 

50 

82 

30 

0*00635 

20 

0*04792 

: 52 

18 

30 

0-00305 

20 

0-04792 

50 

S4 

30 

0*00635 

20 

; 0*02037 

52 

16 

30 

0-00305 

20 

0-02037 

50 

80 ! 

30 

0*00239 

20 

0*02037 

52 

14 

30 

0-00108 

20 

0 - 0203 1 

50 

88 

20 

0*00691 

10 

0*07044 

52 

12 

20 

0-00091 

10 

0-07044 
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Size 0/ samples necessary to bring out significant difference between pairs of 
percentage responses to two methods of treatment — conlcl. 


Comparison 

between, 


54 92 

54 90 

54 SS 

54 S6 

54 84 

54 82 

54 80 

54 78 

54 76 

54 74 

54 72 

54 36 

54 34 

54 32 

54 30 

54 2S 

54 26 

54 24 

54 22 

54 20 

54 l 8 

54 16 

54 14 

50 92 

50 90 


Higher value 
op N. 

Lower VALVE 

OF N. 

N. 

1 

Correspond- 
ing prob- 
ability. 

N. 

Correspond- 
ing prob- 
ability. 


Higher vai.it. j Lower vai.uk 


0-00045 20 

0-00171 20 

0-00506 20 

0-00506 20 

0-00330 30 

0-00749 30 

0-00508 40 

0-0097S 40 

0-00620 50 

0-00665 70 

0-00627 90 

0-00814 80 

0-00827 70 

0-00507 00 

0-00784 50 

0-00711 40 

0-00575 30 

0-00575 30 

0-00274 30 

0-00749 20 

0-00305 20 

0-00935 10 

0-00935 10 

0-00106 20 

0-00370 20 


0-0154S 

0-01548 

0-0154S 

0-04118 

0-01253 

0-01253 

0-01534 

0-0287S 

0-01765 

0-01070 

0-01000 

0-01925 

0-01330 

0-01312 

0-01265 

0-01124 

0-03204 

0-01630 

0-01630 

0-02419 

0-02419 

0-17492 

0-07044 

0-01548 

0-01548 


Comparison 
between, 
per cent. 


56 i 88 

I 

50 80 

50 84 

56 82 

50 80 

56 78 

56 70 

56 74 

50 38 

50 36 

56 34 

56 32 

56 30 

56 28 

56 26 

56 24 

56 22 

50 20 

5G 18 

56 10 

50 14 

58 92 

58 90 

58 88 

58 SG 


j Correspond - 
N. I inp nrob- 
! nbilitv. 


0-00129 


Correspond- 
ing prob- 
ability. 


0-01019 


0-00330 I 30 ! 0-01019 


40 | 0-00330 

I 

40 1 0-00749 

50 , 0-00883 


0-00938 1 50 
0-00590 70 

0-00600 SO 

I 

0-00790 j no 
0"00S56 | 70 
0-00S34 50 

0-00188 50 

0-00745 40 

0-00404 40 

0-00575 30 

0-00S13 20 

0-00843 20 

0-00364 20 

0-00139 20 

0-00935 10 

0-00935 10 

0-00106 20 

0-00370 20 

0-00259 30 

0-00027 30 


0-02351 

0-02351 

0-01531 

0-01033 

0-01008 

0-01537 

0-01237 

0-01359 

0-02193 

0-01309 

0-02054 

0-01124 

0-01701 

0"05207 

0-02419 

0-02419 

0-02419 

0-08490 

0-02804 

0-03242 

0-03242 

0-01019 

0-01019 




Emet Significant of Bespmes unter T.o Treats. 

° f -£££ 7X2X2^ ^" d " 


Higher value 
oe N. 


Comparison 
between, 
per cent. 


N. 1 

i 

ing prob- 
ability, j 

40 

0-00627 

50 

0-00781 

60 

| 0-00853 

70 

0-00871 

80 

j 0-00914 

100 

| 0-00799 

80 

1 0-00874 


Lower value 
oe N. I 

__ , I Comparison 

I between, 
Correspond- 1 p er ce nt. 

N. ing prob- 


HlGHER VALUE 
OE N. 


0-00542 

0-00501 

0-00771 


30 

DU 

i 


28 i 

40 1 

0-00616 | 

30 

26 

40 j 

, 0-00301 1 

30 

24 

30 

0-00843 

20 

22 

| 30 

0-00843 

20 

20 

| 30 

0-00364 

20 

18 

! 30 

| 0-00139 

20 

16 

20 

1 0-00396 

10 


60 I 8 s 


0-01340 
0-02121 
0-01179 
0-01761 
0-01761 
0-02678 
0-01124 
0-01124 
0-01124 
0-08490 

0-03242 
0-03242 
I 0‘01955 
i 0-01150 
0-01150 
0-01330 
0-01385 


N. 


Correspond- 
ing prob- 
ability. 


Lower value 
of N. 


N. 


Correspond- 
ing prob- 
ability. 


0-02351 

60 

78 

90 | 

— 1 

0-00767 

0-01350 

60 

42 

100 

0-00799 

0-01487 

60 

40 

80 

0-00872 

0-01509 

60 

38 ! 

70 j 

0-00882 

j 

0-02360 

60 ] 

j 36 

60 

0-00860 

0-01252 

60 

34 

50 

0-00789 

0-01379 

60 

32 

50 

0-00437 

0-01392 

60 

30 

. 

40 

1 

0-00646 


0-00912 
0-00411 
0-00411 
0-00166 
0-00060 
0-00396 
0-00396 

0-00983 
0-00983 
0-00512 
0-00377 
0-00939 
0-00565 
0-00674 
0-00722 
0-00661 
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Size of samples necessary to bring out significant difference between pairs of 
percentage responses to two methods of treatment contd. 


Compai 
betwe' 
per ce 


Higher value | 

OF N. j 

Lower value 

OF N. 

Comparison 
between, 
per cent. 

Higher value 
of N, 

Lower value 
of N. 

*ison - 

en, 

snt. 

N. 

Correspond- 
ing prob- 
ability. 

N. 

Correspond- 
ing prob- 
ability. 

i 

N. 

Corrcspond- 
| ing prob- 
ability. 

N. 

Correspond- 
ing prob- 
ability. 

62 

78 

110 

0-00604 

100 

0*01012 

64 

80 | 

100 

0-00886 

90 

0-01498 

62 

44 

100 

0*00790 

90 

0*01237 

04 

46 

90 

j 0-00814 

80 

0-01925 

62 

42 

80 

0*00864 

70 

0*01379 

64 

44 

80 

0*00856 

70 

0-01353 

62 

40 

70 

0*00882 

60 

0*01401 

64 ; 

42 

70 

j 0-00542 

| 60 

0-01392 

62 

38 

60 

0*00863 

50 

0*01366 

64 

40 

60 

j 0*00860 

J 50 

0*01359 

62 

36 

50 

0*00797 

40 

0*01235 

64 

38 

50 

0-00797 

40 

0-01235 

62 

' 34 

50 

0*00446 

40 

0*01235 

64 

36 

40 | 

0*00670 

j 30 

0-03493 

62 

32 

40 

0*00664 

30 

0-01894 

64 

34 

40 

0*00670 

30 

0-01894 

62 

30 

30 

0-00955 

20 1 

0*05548 

64 

32 

40 

0-00345 

30 

0-01894 

62 

28 

30 

0-00443 

20 ; 

0-05548 

64 

30 

30 

0*00955 

20 

0*02808 

62 

26 

30 

0-00443 

20 

0*02678 

64 | 

28 

30 1 

0*00443 

20 

0*02808 

62 

24 

30 

0-00188 

20 ; 

0-02678 

64 

20 

30 

0*00443 

20 

0*01242 

62 

22 

30 

0-00188 

20 i 

0-01124 

64 j 

24 1 

30 

0-00188 

20 

0-01242 

62 

20 ' 

30 

0-00072 

20 

0-01124 

64 

22 

20 

0-00477 

10 

0-08491 

62 

18 ’ 

30 ! 

0-00024 

20 

0-01124 

64 1 

20 

20 

0-00477 

10 

0-0S491 

62 

16 

20 

0-00396 

10 

0-08490 






1 

62 

14 

20 

0-00396 

10 

0-02864 

66 

100 

20 

0-0041G 

I 

1 10 

i 

0-10526 







66 

98 

j 

20 

0-00416 

10 

0-10526 

64 

96 

30 

0-00123 

20 

0-02180 

66 

' 96 

30 

0-00279 

20 

0-02180 

64 

94 

30 

0-00512 

20 

0-02180 

66 

94 

40 

0-00073 

, 30 

0-01057 

64 

92 

30 

0-00512 

20 

0-06369 

66 

92 

40 

0-00259 

30 

0-01057 

64 

90 

40 

0-00724 

30 

0-01517 

66 1 

j 

90 

40 

0-00724 

30 

0-02873 

64 

88 

50 

0-00456 

40 

0-01695 

1 

66 

88 

50 

0-00815 

40 

0-01695 

64 

86 

50 

0-00991 

40 

0-03458 

66 

86 

60 

0-00831 

50 

0-01689 

64 

84 

70 

0-00567 

60 

0-01116 

66 * 

84 

70 

0-00921 

60 

0-02836 

04 

82 

80 

j 

0-00601 

70 

0-01789 

66 

48 

100 

0-00748 

90 

0-01189 
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Size of samples necessary to briny onl significant difference between pairs of 
percentage responses to two methods of treatment — contd. 



i 

j 

! Hiour.n value 

| Lower value 



j 1 lion mi valui: 

j Lower valve 




or X. 


or X. 



i 

or X, 


or !N. 

Comparison 
between* j 
per cent, 1 





Comparison 












J 

! N. 

f 

■ Correspond* 

, lug prob- 

X. 

Correspond- 
ing prob- 

betn ecu, 
per cent. 

X. 

Correspond- 
ing prob- 

X. 

Correspond- 
, iiiR prob- 


„ i 

i 

i 

| ability. 

i 

ability. 



j 

ability. 


1 ability. 

i 

m 

! 

46 

i i 

80 

0-00827 

70 

| 0*01330 

08 

46 

J 70 

0*00507 

GO 

0*01312 

m 

44 i 

GO 1 

0*00834 

50 

0-02193 

68 

44 

GO 

0*00488 

50 

0*01309 

06 

! 42 

60 

0-00501 

50 

0*01340 

OS 

42 

50 

0-00771 

40 

0*02321 

GO ! 

1 

40 

50 ! 

0-00789 

| 40 

1 0*02162 

i 

08 

40 

50 

0*00437 

40 

0*01210 

GG 

38 

50 

0-0044G 

1 40 

J 0-01235 

08 

38 

40 

0-00664 

30 

0*01894 

GO 1 

36 

40 

0-00G70 

1 30 

j 0-01894 

08 

1 

30 

40 

0*00345 

30 

0*01891 

GG 

34 

30 

0*00900 

1 20 

0*05642 

G8 

I 34 

30 

0*00969 

20 

0*02808 

GG ! 

32 ! 

30 

0*00909 

20 

0-02808 

68 

32 

30 

0*00969 

20 

0-01282 

GU 

30 

30 

0*00160 

20 

0-02808 

G8 

30 

30 

0*00400 

20 

0-01282 

GG : 

28 

30 

0-00201 

20 

0-02808 

68 

28 

30 

0*00201 

20 

0-01282 

GG 

: 

2G 

30 

0*00201 

20 

i 

[ 0*01242 

68 

26 

i 

20 

0-00519 

10 

0*08915 

GO 

24 

30 

0*00080 

20 

0*01242 

G8 

24 

20 

0*00519 

30 

0-03189 

GG 

22 

! 

20 

0*00477 

| 10 

! 0*03489 

70 

100 

30 

0*00097 

20 

0-01010 

GG 1 

! 

20 

20 

1 0*00177 

I 

1 

' 10 

j 

0*03489 

70 

98 

30 

0*00609 

20 

1 

0-01010 

G8 

100 

30 

t 

o-oooio 

1 20 I 

1 

0*01010 

70 

90 

30 

0*00009 

20 

0-01571 

G8 

OS 

30 

i 0-00279 

! 20 i 

0*01010 

70 

94 

40 

0*00322 

30 

0-02095 

G8 

m 

30 

0-00279 

1 

20 1 

i i 

0*0157 \ 

70 

92 

i 

40 

0*00988 

30 

0-02095 

! 

GS 

oi ! 

10 

0*00150 1 

30 

0*01057 

j 70 

90 

GO 

0*00550 

50 

0-01112 

! 

GS 

j 

i 

02 

i 

10 j 

0-00514 | 

30 

0*01057 

70 

88 

70 

0*00573 

GO 

o-ol IGG 

GS ! 

j 

oo ! 

50 | 

0*00041 

40 i 

0*01343 

70 

86 

90 

0*00953 

80 

0-01015 

GS ! 

* 

| 88 

GO l 

1 i 

0-00089 ' 

50 • 

0*01417 

70 

52 

300 

0*00674 

90 

0-01076 

08 

i 8« , 

SO 1 

0*00106 

70 

0*01291 

70 

50 

80 

0*00759 

70 

0-01226 

GS 

84 

00 

0-00691 

SO 1 

\ 

0*01317 

70 

48 

70 

0*00784 

GO 

0-01269 

GS 

50 

f 

100 

0-00715 

90 < 

0*01139 

70 

4G 

GO 

0*00784 

50 

0-01263 

08 ! 

48 1 

80 

0-00808 

70 ! 

1 

0*01200 

70 

44 

1 

50 

0*00745 

40 

i 

0-02051 
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Size of samples necessary to bring out significant difference between pairs of 
percentage responses to two methods of treatment — contd. 


Comparison 
between, 
per cent. ! 

Higher value 
or N. 

Lower value 
of N. 

Comparison 
between, 
per cent. 

Higher value 
of N. 

Lower value 
or N. 

N. 

Correspond- 
j in" prob- 
ability. 

N. 

1 Correspond- 
i ing prob- 
| ability. 

N. 

Correspond- 
ing prob- 
abilitj 7 . 

N. 

Correspond- 
ing prob- 
ability. 

74 ; 

34 

30 

0*00201 

20 

0*01242 

78 

96 

50 

0*00734 

40 

0*02381 

74 

32 

20 

0*00519 

10 

0-08945 

78 

94 

70 

0*00598 

60 

0-01094 







7S 

92 

80 

0*00680 

70 

0*02820 

76 

100 

30 

0*00527 

20 

0-02356 

78 

62 

110 

0*00604 

100 

0*01012 

76 

98 

40 

0*00346 

30 ! 

0*02616 

78 

60 

90 

0*00767 

80 

0-01305 

76 

96 

50 

0*00379 

40 ' 

0*01260 

78 

58 

70 

0*00871 

60 

0*01509 

76 

94 ' 

60 

0*00973 

50 : 

0*01130 

78 

56 

60 

0*00938 

50 

0*01633 

76 

92 ■ 

80 

0*00400 

70 : 

0*01053 

78 

54 

50 

0*00978 

40 

0*02878 

76 

90 

90 

0-00842 

80 ' 

0*01671 

78 

52 

50 

0*00567 

40 

0-01699 

76 

58 j 

80 

0*00914 

70 

0*02360 

78 

50 

40 

! 0*00964 

30 

0*02980 

76 

56 ' 

80 

0*00590 

70 

0*01008 

78 

48 

40 

0-00525 

30 

0*01630 

76 

54 ^ 

60 

0*00620 

50 

0*01765 

78 

46 

40 

0*00274 

30 

0*01630 

76 

52 

60 

0*00367 

j 50 

0*01065 

78 

44 

1 30 

0*00843 

20 

0-02419 

76 

50 

50 1 

0*00622 

40 

0*01842 

78 

42 

30 

0*00843 

20 

0-01124 

76 

48 

50 

0*00351 

40 

0*01051 

78 

40 

30 

0*00411 

20 

0-01124 

76 

46 

40 

0*00575 

30 

0*01630 

! 78 

38 

30 

0*00188 

20 

0-01124 

76 

44 

30 

0*00843 

20 

0*05267 

: 78 

36 

20 

0*00477 

10 

0-08491 

76 

42 

30 

0*00843 

20 

0*02678 













80 

100 

40 

0*00265 

30 

0-0118G 

76 

40 

30 

0*00411 

20 

0*02678 













80 

98 

50 

0*00389 

40 

0-01444 

76 

38 

30 

0*00188 

20 

0*02678 









i 




80 

96 

60 

0*00419 

50 

0-01387 

76 

36 

30 

0*00188 

20 

0*01242 













80 

94 

80 

0*00877 

70 

0-01049 

76 

34 

30 

0*00080 

20 

0*01242 













80 

92 

110 

0*00947 

100 

0-01183 

76 

32 

20 

0*00519 

10 

0*03489 













80 

64 

100 

0*00886 

90 ‘ 

0-01498 

78 

100 

30 

0*00527 

20 

0*05301 

80 

62 

90 

0*00661 

80 

0-01130 

78 

98 

40 

0*00716 

30 

0*02616 

80 

60 

70 

0*00798 

60 

0-01385 
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Size of samples necessary to bring out significant difference between pairs of 
percentage responses to two methods of treatment contd. 



1 

Higher value 

Lower value 



Higher value 

Lower value 




or N. 


or N. 




or N . 

I 

or in. 

Comparison - 







1 
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Size of samples necessary to bring out significant difference bchveen pairs of 
percentage responses to two methods of treatment — contd. 
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Size of samples necessary to bring out significant difference between pairs of 
percentage responses to two methods oj treatment contd. 
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Size of samples necessary to bring out significant difference between pairs of 
percentage responses to two methods of treatment — concld. 
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The following has been received for publication : — 


ANNOUNCEMENT 


Of the Francis Amory Septennial Prize of the American Academy of Arts and 
Sciences under the Will of Francis Amory. 


In compliance with the provisions of the Will of the late Francis Amory, the American Academy 
of Arts and Sciences, as Trustee of a fund given by the testator, announces a prize lo be known as 
‘ The Francis Amory Septennial Prize ’ to bo awarded for conspicuously meritorious work performed 
during the immediately preceding septennial period, ‘ through experiment, study or otherwise, in 
the treatment and cure of diseases and derangement of human sexual generative organs in general, 
and more especially for the cure, prevention or relief of the retention of urine, cystitis, prostatitis' 
etc.’ While the donor wished especially to reward the discovery of any new method of treatment lie 
expressly authorized that the prize might be given to any author who might have contributed any 
theoretical or practical treatise of extraordinary exceptional value and merit on the anatomy of said 
organs or the treatment of their diseases. 


If there shall appear work of a quality to warrant it, the first award will be made in 1940 Tl 
total amount will exceed $10,000 which may be divided at the discretion of the Academy amour- l 

nominees While formal nominations are not expected and no essays or treatises in direct eompeti 
tion for the prize are desired, the Committee invites suggestions looking toward the wise n „ r r„ ' 
of their duty. Communications on this subject should reach the Comnfittcc not later than ! T CC 
. .0 ,«d should be addressed in cere of the Am.rio.n Ae.de, „y of Cj W , 

Street, Boston, Mass, D. 8. A. The members of the Committee „„ the toSl 'w, ^ 
Prize are: Dr. Roger I. Lee, Chairman; Dr. Walter B. Cannon Dr David pi,» '-n C £ tcnnmI 
Headley, Dr. William C. Qumby, Dr. E. E. Tyzzer and Dr. Soma w4s, ' *** ^ 


— Editor, 

Indian Journal oj Medical Research. 
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NUTRITIVE VALUE of papain- mutton broth 
65. Sec also ascorbic acid, calcium lactate, 
carotene, diet, foodstuffs, nicotinic acid, 
pellagra, peptic ulcer, plague, protein , tapioca, 
vitamin. 

OIL, sec argemone, fish. * 

ONION, vitamin-C content of, 135. 

ORAL administration of argemone oil to 
laboratory animals, 947. 


ORGANISMS : plague, in broth cultures, deter- 
mination of number . of viable, 331 ; error 
in estimation of most probable number of, 
by dilution method, 1129. 

ORISSA, diet and nutrition in, 453. 

OXIDATION : by plague bacillus, G17 ; of 
vitamin C, protective action of tissues of 
scorbutic and normal guinea-pigs against, 685 ; 
inhibition of adrenaline, 997. 

PAPAIN-MUTTON broth, nutritive value of, 
65. 

PAPATASS1I , see Phlebolomns , 

PA STE U BELLA PEST IS, method for main- 
taining the virulence of. 363, serology* of 
strains of, 373, virulent and a virulent strains 
of, 823. See also plague. 

PATHOGENESIS, see peptic ulcer. 

PELLAGRA, nicotinic acid in cereals and, 007, 
in India (Vizagftpatam), 743. 

PEPTIC ULCER in Indians, pathogenesis of, 
159. 

PEPTONE- WATER enrichment in isolation of 
V. cholercv from human and other sources, 297. 

PERIPHERAL NERVE LESIONS produced 
by vitamin-A deficiency, effect of carotene on, 
731. 

PESHAWAR DISTRICT, P. papal ass ii in, 537. 

PESTIS , see Pasteurelhi pcstis . 

PIILEBOTOM US PA PAT AS S II; i n 
Peshawar district, 537. 

PHOSPHATASE, see serum -phosphatase. 

PHOSPHORUS metabolism in Indians on rice 
and wheat diets, 471. 

PHY LEANT HUS EMBLIGA Linn, {Indian 
gooseberries) as *a source of vitamin C, 429. 

PIGMENTATION, see conjunctiva. 

PLAGUE: studies in, 313, 321, 331, 341, 355, 
363 ; bacillus, nutrition of, 75, 833, oxidation 
by, 617, solid medium of choice and optimal 
temperature of incubation for growth of, 321 ; 
cultures, method for measuring virulence of, 
355 ; -preventive measure, cyanide for exter- 
mination of rats and fleas as a, 389 ; work, 
experimental animal for, 341. Sec also 
Pasieurella pcstis . 

PNEUMOCOCCAL infections in mice, siilpha- 
niJamide derivatives in, 971. 

PREGNANCY, see ansemia, toxcemia. 

PREVENTIVE, see plague. 

PROPHYLACTIC, see vaccination. 

PROTEIN : influence of Ca intake on biological 
value of, 147, metabolism in Indians, 115. 
See also calcium, food, nutrition. 

RADIOLOGICAL studies of alimentary tract of 
normal monkey, 1117. 
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RAMON’S METHOD, flocculation value of 
tctamis-formol-toxoid determined by, «*»>• 
RATS: see nrtoaterono, carotene, cyanide, fleas, 

S. Indian diet., nicotinic acid, plague, aernin- 
phosphatase. 

RED-CELL din met era (mean), standard curves 
for Bengalees, 259. See also hwmnlology. 
RESPONSES to two different treatments, size 
of samples for establishing significance of ‘ 

difference in. 1140. j 

REVERSIBLE inactivation of hromolysin of J 
cobra venom, 807. j 

RHEUMATIC heart, disease (in S. India), lesions , 
in, 631. 

RICE, Ca and P metabolism on. 471 . j 

RUSSELLII, RUSSELL'S VIPER, see Vipnv , 
russellii. 1 


SAMPLES, me of, for significance of responses 
to two different treatments. 1 140. 

SANDFLY : fever virus, its properties and 
an attempt at prophylactic vaccination, 
847. 

SATURATION, see vitamin. 

SCORBUTIC guinea-pigs, protective action of 
tissues of, against oxidation of vitamin 0, 
685. 

SEPTENNIAL PRIZE, see Francis Amory. 
SEPTIQ.UE, see Clostridium scpiiquc, 
SEROLOGY : SEROLOGICAL, classification of 
staphylococci, 611, reactions in kala-azar, 181, 
study of P. pasleurc.Ua strains, 378. See also 
Wasaermaun reaction. 

SERUM : -phosphatase activity in rats on S. 
Indian diet, 153 ; viscosity of, on rate of 
absorption of antibodies, 225. 

SEX-HORMONE activities of artostenone deri- 
vatives, 171, Action of artostcronc on 
sexually immature male rats, 171. 
SIGNIFICANCE, see responses, samples. 

SIMLA HILLS, typbus in, 657. 

SINIGUS , see Macacus sinicus, 

SKIN : diphtheritic ulcers of, 643 ; treatment of 
lesions of, 705 ; tuberculous disease of, 585. 
See also vitamin. 

SNAKE, see venom. 

SPECTROSCOPIC method, vitamin-A content 
of Bengal fish hy, 721. 

STAGES, see J\hisca inferior . 

STANDARDS, normal hematological, in 
monkey, 1101. STANDARD CURVES of 
mean red-cell diameters for Bengalees, 253. 
See also bsematology. 

use of dogs 

STAPHYLOCOCCI, biochemical and serological 
classification of, 611. 


STATISTICS, sec dilution method, responses, 
samples. 

STRAINS : human XK (typhus), 057 ; of P. 
prrth, serology of, 373, virulent and avirulent, 
828. 

STHEPTOCOCCA L infections in mice, sulpha- 
nil amide derivatives in, 07 1 * 

SULIM! ANILAMI 1)13 derivatives in streptococcal 
ami pneumococcal infections in mice, 071. 

SULPHITE, see bismuth sulphile. 

SUPPLEMENT, diet, food. 

SWEAT of Indians, composition of, 0.71. 

SYNTHESIS, see nicotinic acid. 


TAPTOOA, defects of, ns a staple food, 130. 

TEMPERATURE of incubation (optimum) for 
growing plague bacillus, 321. 

TECHNIQUE: ser bacteriology, biological, 
Unto metric, and spectroscopic methods, com- 
plement -fixation, dye test, glucuronic acid, 
mannose solution, plague cultures, P. pestis , 
Ramon’s method, standardization, toxin, 
toxoid. 

TETANUS: absence of antitoxin in persons 
exposed to infection of, 581, flocculation value 
of tetanus- for mol -toxoid by Ramon’s method, 
051. 

TICKS found on man, 251. 

TIXTOMETRIC method, vitamin-A content of 
Bengal fish hy, 721. 

TISSUES of scorbutic and normal guinea-pigs, 
protective action of, against oxidation of 
vitamin C, 085. 

TITRE (high anti-coinpleinontarv) in kala-azar, 
181. 

T0X/EM1AS of pregnancy, 070, 

TOXIC (?) substance in mustard oil associated 
with epidemic dropsy, 207. 

TOXIN: Clostridium seplique , flocculation test 
with, 573. ANTITOXIN: flocculation test 
with Cl. seplique, 573, of persons exposed to 
tetanus infection, 581. 

TOXOID (tetanus-formol-), flocculation value of, 
by Ramon’s method, 051. 

TRANSMISSION, sec filariasis. 

TREATMENT : of C3*e, skin, and mouth lesions, 
705; size of samples for establishing signi- 
ficance of difference in responses to two 
different, 1149. 

TYPHUS in Simla Hills, 057. 


uuv/jiiivo, .see diphtheritic, poptic. 

URINARY : clearance of free chloral in normal 
and liver-damaged dogs, 757 ; excretion of 
ascorbic acid, 907, of nicotinic acid, 41 7 . 
output m vitamm-C saturation, 917, ’ 
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VACCINATION (prophylactic) for sandfty fever, 
847. 

YENENE, see antivencne. 

VENOM, see cobra (Naja Najn), Russell’s viper 
(Vi per a russelUi ). 

VIABLE plague organisms in broth cultures, 
331. 

VIBRIOS : extracts, inhibition of, by cholera- 
bacteriophage, 41 ; ‘ H 5 antigen of, 287 ; in 
Netherlands East- Indies, 51. See also cholera. 

VIBRIO CHOLERJE : bismuth-sulphite medium 
and peptone-water enrichment in isolation of. 
from human and other sources, 297, growth 
and survival of, in water, 1. See also 
bacteriophage, cholera, vibrios. 

VIPERA RUSSELLII (Russell’s viper) venom, 
relation with its antivenene, 1121. 

VIRULENCE : of plague cultures, method for 
measuring, 355 ; of P. pest is, 363 ; of strains of 
P. peslis, 823. 

VIRUS : of A /. coniagioeum , 91, of sandfly fever, 
847. 

VISCOSITY of serum and absorption of anti- 
bodies, 225. 

VITAMIN A : deficiency, effect of carotene on 
peripheral nerve lesions produced by, 731 ; 
content, of Bengal fish by biological, tinto- 
rnetric, and spectroscopic methods, 721, of 
liver and deposit-fats of Indian fish, 711. 

VITAMIN B x : excretion of normal subjects 
living on Indian diets, 465. 


VITAMIN 0: content of chillies , onion, and 
garlic, 135; Indian gooseberries as a sourco 
of, 429 ; intradermal dye test for, in health 
and disease, 695 ; protective action of tissues 
of scorbutic and normal guinea-pigs against 
oxidation of, 685 ,* saturation of Bengali boys 
with, and output of urinary oxcrotion of, 
917. 

VITAMIN D : content of liver and body oils of 
Bengal fish, 865. 

VITAMIN DEFICIENCY, eye, skin, and mouth 
lesions due to, 705. 

(For VITAMINS sec also ascorbic acid, 
carotene, cereals, diet, food, nicotinic acid, 
nutrition, pellagra). 

VIZAGAPATAM, pellagra in, 743. 

WASSERMANN REACTION, 589, in kala-azar, 
181. 

WATER : growth and survival of V . cliolercc in,. 
1 ; vita min- C content of chillies, onion, and 
garlic when boiled in, 135. See also peptone- 
water. 

WHEAT diet, Ca and P metabolism in Indians 
on, 471 ; effect of, in relief of painful complica- 
tions and sequela? in leprosy, 963, 

WUCHERERIA BANCROFTI, microfilaria of, 
563. 

NK STRAINS, human, laboratory observations 
on, in typhus in Simla Hills, 657. 



INDIAN JOURNAL OF MEDICAL RESEARCH 

Special Memoirs 

Issued Ircc to subscribers and obtainable separately at prices fllven 

No. 10. Beri-Beri Columbarum, by I/r.*CoL. K. McCARRISON, C.I.E., ^ 5.12-0 

No. 11. Yeasts ami Sprue/ by Et.-CoL. F. P. MACKIE, I.M.S., and 5 12 0 

G. D. CHITRE, c.m.s. ... . •* •• tV* R 

No 12. The Epidemiology of Cholera in India, by Et.-Col. A. J* H. 

RUSSELL, c . b.e., m.a., m.d., v.v.n., i.m.s., and E. K. 
S13NDARARAJAN, m.a. .. . . •• e \ S ' 

No. 13. Puzzles and Fallacies in the Examination of Stained 

Films in the Tropics, by Et.-Col. R. KNOWEES, 

Et.-Col. H. W. ACTON, i.m.s., and Asst. Surceoh 13. M. 

DAS GUPTA .. .. •• „ •• 

No. 14. Studies on Asiatic Cholera, by F. Maj0R * n n 

R. H. MAEONE, m.d., i.m.s., and M. N. EAIIIPI, m.b.^ .. Ks. 5 *D*0 

No. 15. An Investigation into the Value of an Etherized Vaccine in the 
Prophylactic Treatment of Rabies, Part VII, by Et.-Col. J. 
CUNNINGHAM, c.i.e., b.a., m.d., i.m.s., and Major R. II. 

MAEONE, m.d., D-r.it., i.m.s. .. .. *• Ks * 

No. 16 A Study of Indian Medicinal Plants, II. Gytnucma Sylvcslrc, 

Br., by Dk. K. S. MHASKAR, m.d. m.a., b.Sc., d.t.h.. 
d.t.m. & ii., and Rev. Father J. F. CAIUS, 5.J., r.L.s., m.s.c.i. 

(Paris) .. . . . . •• .. Ps. 4*4*0 

No. 17. Studies in Schistosoma Spindalc, Parts I — VI, by N. 

HAMILTON FAIRLEY, o.n.K., m.d., d.sc., r.n.c.r., Et- 

Col. F. P. MACKIE, kils.. o.b.e., m.d. m.sc., ».r.n., 
f.r.c.s., F.R.c.r-, i.m.s., and K JASUDASAN, l.m. & s. . - Ps. 8*12*0 

No. 18. Studies in the Parasitology of Malaria, by Et.-Col. R. 

KNOWEES, i.m.s., and R. SENIOR WHITE, r.R.s.E., f/> 

assisted by Asst. Surgeon' B. M. DAS GUPTA ^ •• Rs. l4-l~*0 

No. 19. Indian Plant Remedies used in Snake*Bitc, by Dr. K. S. 

MHASKAR, m.d., m.a., b.sc., D.r.n., d.t.m. & n. and REV. 

Father J. F. CAIUS, s.j., r.us., m.s.c.i. (Pans) ^ . . Rs. 2*12*0 

No. 20. Leptospirosis in the Andamans, by Et.-Col. J. TAYLOR, 

d.s.o., i.m.s., and Dr. A. N. COYLE, m.b., rh.D. % .* Ps. 6*0*0 

No. 21. Larvae of Anophcline Mosauitocs, with full Description of , 

those of the Indian Species, by Dr, I. M. PURI, M.Sc., rh.D., non 

F.E.S. .. .. . . • • Rs. 11*0*0 

No. 22. Studies in Avian Spirochaetosis, Parts I & II, by ET.-Coi.. 

R. KNOWEES, i.m.s., B. M. DAS GUPTA, and B. C. BASU, „ A 

M.SC. .. .. .. .. .. Rs. 5*8*0 

No. 23, The Life Line of the Thyroid Gland, by Col. R. 

McCARRISON, c.i.e., k.h.p., i.m.s., and K. B. MADHAVA, 
m.a. a. i. a, . . . . . . .. Rs. 12*12*0 

No. 24. Notes on Indian Scorpions, by Rev. Father J. F. CAIUS, 
s.j., r.L.s., m.s.c.i. (Paris), and Dr. K. S. MHASKAR, m.d., 
d.p.h. .. .. .. .. .. .. Rs. 6*8*0 

No. 25. Reports of the Kala-Azar Commission, India. Report No. II 

(1926— 1930), by Et.-Col. H. E. SHORTT, r.z.s., i.m.s. .. Rs. 5*8*0 

No. 26. An Investigation into the value of an Etherized Vaccine in the 
Prophylactic Treatment of Rabies, Part VIII, by Et.-Col. J. 
CUNNINGHAM, c.i.e., M.a, i.m.s.. Major R. H. MAEONE, 

M.d., i.m.s.. and Major A. C. CRAIGHEAD, i.m.s. .. Rs. 5-8*0 

No. 27. Haffkine’s Plague Vaccine, by Et-Col. J. TAYLOR, d.s.o., 

m.d., d.p.h., i.m.s. .. .. .. .. Rs. 5-12-0 

No. 28. An Investigation into the Relative Immunizing Value of the 
Kn said i and Paris Strains of Rabies Virus, by Et*Col. H. E. 

SHORTT, r.z.s., i.m.s., Director, Pasteur Institute of India, 

Kasauli, Major R. H. MAEONE, m.d., l.r.c.p.s., d.p.ii., i.m.s., 

Major A. C. CRAIGHEAD, m.b. d.p.h., i.m.s., and Assis- 
Nn ^Surgeon J. P. McGUIRE, b.c.m., i.m.d. .. Rs. 3-0-0 

Wo. 29. The Histopathology of Malaria with Special Reference to the 

Sj55 , J?. n . ,i n i 1 Q r >m of the Macrophages in Defence liv 
NTn in 9 , 7 I ,r LTAM ?’ TALIAFERRO and H. W. MULLIGAN ’ .! Rs. 3-8-0 

No. 30. ^ ud ^ es ^jEp^emiology of Filariasis in Travancore, by 

No - 31 - Jfx e Co^T VVwoppa Hen L p ' Druff Addiction in India, by 4 ’ 8 '° 

Ho. » Ho. «, 


No. 

10. 

No. 

11. 

No. 

12. 

No. 

13. 

No. 

14. 

No. 

15. 

No. 

16. 

No. 

17. 

No. 

18. 

No. 

19. 

No. 

20. 


12 - 12-0 


THACKER, SPINK & CO. (1933), LTD. 
P. O. Box 54, CALCUTTA 


INDIAN MEDICAL GAZETTE 

The Monthly Record of Medicine, Surgery, Public Health and Medical 
News with Special Reference to Tropical Diseases. 

Annual Subscription Rs. 16 (payable in advance). Single Copy Re. 1-8. 

Note . — A four-page prospectus addressed to Doctors may be had free on request. 

P. 0. Box 54 : : : : CALCUTTA. 


INDIAN JOURNAL OF VENEREAL DISEASES 

(A Scientific Journal dealing with Venereal Diseases and allied subjects with an International Board of 
Specialist Collaborators). 

Special Features : 

It always aims to present original # articles of outstanding value dealing with the pathological, 
clinical, sociological and historical aspects of these dreadful diseases. 

It includes also sections of international progress in combating Venereal Diseases, current medical 
literature of world contemporaries, and Book Reviews. 

It is interesting to the Specialist, the Research Scholar, Laboratory Worker and also to the General 
Practitioner. 

It is published quarterly, i.e., March, June, September and December of the year, and each issue 
contains about 100 pages and is illustrated. 

Its annual subscription is Rs. 5 (Indian), 10 shillings or 2.50 dollars (Foreign), payable always 
in advance; single copy Re. 1-8 (postage free in all cases). 

Edited by Dr. U. B. NARAYANRAO (Editor, ‘ MEDICAL DIGEST and Member, Medical 
Council, Bombay). 

A specimen copy can be had at As. 8 only, payable in advance. 

Editing and Publishing Offices: 

101, Girgaum Road, Bombay 4, British India. 


THE BRITISH JOURNAL OF 


EXPERIMENTAL PATHOLOGY 


General Editor : P> FILDES. 


Editors: 

S. P. BEDSON. 

J. R. MARRACK. 
R. W. SCARFF. 
WILSON SMITH. 


Assistant Editors: 
G. P. GLADSTONE. 
N. H. MARTIN. 

F. R. SELBIE. 

D. D. WOODS. 


Advisory Editors: 

E. C. DODDS. H. D. KAY. 

J. C. DRUMMOND. J. McINTOSH. 

C. L. EVANS. J. W. McLEOD. 

H. W. FLOREY. J. A. MURRAY. 

W. E. GYE. W. J, TULLOCH. 


This Journal has been initiated to serve as a medium for the publication of experimental results in the 
field of Human Pathology. The scope of the Journal embraces Bacteriology, Biochemistry, Physiology, 
Serology, and other Sciences, in so far as they are applied to the discovery of the causation, diagnosis, or 
cure of disease in man by the experimental method. . , 

The Journal is published punctually the last week of every second month. The Annual Subscription 
(from January to December) is £2, post free. Single numbers, 7s. 6d. net. 

LONDON : H. K. LEWIS & CO., LTD., 136, GOWER STREET, W.C.I. 


ANNALS OF TROPICAL MEDICINE and PARASITOLOGY 

Issued by the Liverpool School ol Tropical Medicine 

Edited by : Professor WARRINGTON YORKE, m.d., r.n.c.r., f.r.s. 

Professor D. B. BLACKXOCK, m.d., d.p.h. 

Professor R. M. GORDON, o.b.E,, m.d,, sc.d., m.r.c.p., d.p.k. 

Dr. T. SOUTHWELL, d.sc., rh.D., r.R.s.C. 

Professor T. H. DAVEY, m.d., d.t.m* 

Annual Subscription £i 2 6, post free. 

Vols. I-XXXII, 1907—1938, £ 3 2 6 per VoL, unbound (a few of the back numbers are out of print) 

UNIVERSITY PRESS OF LIVERPOOL 

177, Broivnloiv Hill, Liverpool 3 . 





